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HOVIC RCRA PART B PERMIT, EPA ID
Dear Ms. TObin:

On behalf of Hess Oil Virgin Islands Corp. (HOVIC), I am sending you the
statistical procedures we have developed to meet the Resource Conservation and
Recovery Act (RCRA) Part B permit requirements. The enclosed report entitled,
"Statistical Protocols for the HOVIC RCRA Part B Permit" has been developed under
40 CFR 264.97 (h)(ii) for HOVIC by Professor Robert Gibbons of the University of
Illinois and our consultant for RCRA matters, Mr. Mike Corn, of the Advent Group as
an improved alternative to the Students' t-test as given in 40 CFR 264, Appendix
IV. The Students' t-test, as you know, has led to many false positive results
across the country on groundwater monitoring wells and unsaturated zone monitoring.

In developing the statistical approach for HOVIC Dr. Robert Gibbons, Professor
of Statistics, has suggested a two-tiered approach for statistically analyzing
groundwater monitoring data. The first step makes use of the Students' t-test as
mandated in the RCRA regulations and modified in order to provide a scientifically
and statistically correct procedure. The second step makes use of a non-parametric
(that is, data not uniformly distributed around an average) statistical procedure,
the Mann-Whitney U test, to test if the modified Students' t-test, a parametric
statistical test (data fit a bell-shaped curve), -is giving a false positive due to
the data being non-parametric. We believe that the statistical approach presented
in the attached report meets, and improves upon, the requirements of the 40 CFR 264regulations.

Hovic seeks the approval and endorsement of these statistical methods by the
U. S. Environmental Protection Agency. If you should have any questions or
comments concerning the attached report, please contact either Mr. Barry Sarns,
Environmenal Manager at HOVIC, at (809) 778-4251 or me at (201) 636-3000.
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December 10, 1985 2005.24
T. He1fgott, Ph.D., P.E.
Environmental Affairs Manager
Amerada Hess Corporation
One Hess Plaza .
Woodbridge, NJ 07095
Mr. Barry Sams
Environmental Manager
Hess Oil Virgin Islands Corp.
Kingshill, P.O. Box 127
St. Croix, U.S. VI 00850
SUBJECT: Report on Statistical Protocols for the HOVIC RCRA Part

B Permit
Dear Dr. He1fgott and Mr. Sams:
At your request, I have prepared the enclosed report as refer-
enced above. This report presents a statistical approach to be
used at HOVIC in assessing groundwaters and unsaturated zone
samples at the Resource Conservation and Recovery Act (RCRA)
1andfarms at the refinery. In preparing this report, we have in-
cluded the methodology and approqches suggested by Dr. Robert
Gibbons, Professor of Statistics at the University of Illinois at
Chicago. Dr. Gibbons has reviewed the statistical approach
described in Section 2 of this report and he has also reviewed
the actual statistical calculations presented.
The report includes the statistical approac~ as well as example
calculations which test the validity of the approach. As we have
discussed, we had som~ concern with the powef of the original ap-
proach using the standard Mann-Whitney U test. After review of
the original calculations made in September and October of this
year, Dr. Gibbons recommended a modification of the Mann- Whit-
ney U test which gives the test the necessary power required to
meet the 0.01 and 0.05 levels of significance.
I have also included the recommended const1tuents for each en-
vironmental media (groundwaters, unsaturated zone liquids, and
unsaturated zone soil cores) and the media constituent concentra-
tion which would require statistical analysis for determination
of significant increases over background concentrations or method
detection levels.
As you review this report and the methodo}ogy, please call me at
(615) 377-4775 if you should have any questions or comments.

S~~uy\(.~
Michael R. Corn, P.E.
Consultant

P.O. Box 1147 • Brentwood, TN 37027 • (615) 377-4775 •



EXECUTIVE SUMMARY

Hess Oil Virgin Islands Corp. (HOVIC) operates a landfarm system ata
petroleum refinery located on St. Croix, U.S. Virgin Islands. HavIC has requested
a Resource Conservation and Recovery Act (RCRA) Part B Permit under the
requirements of the RCRA regulations 40 CFR 270 and 264. Part of these regulatory
requirements include analyzing groundwater and unsaturated zone monitoring data
using statistical procedures as described under 40 CFR 264.97. These regulations
allow HOVIC to develop an alternative statistical approach in place of the
suggested Students' t-test, a test which is prone to false positive results. An
alternative statistical approach has been developed under the guidance of a
statistician, Dr. Robert Gibbons of the University of Illinois at Chicago.

The approach developed with Dr. Gibbons is a two-tiered approach which first
tests the data against a modified Students' t-test for significance as specified in
the regulation. Secondly, if significance is indicated then a second test, the
non-parametric test -- the Mann-vfuitney U test -- is used to check if this
significance is the result of the type of test -- the Students' t-test which is a
parametric or bell-shaped curve test -- instead of actual constituents originating
from the landfarm. In many cases the variance is the result of the limits of the
chemical analytic results and background variances especially for measurements at
and below sensitive concentrations (levels of detection).

Examples of statistical calculations using this two-tiered approach are
included in this report for HavIC groundwater monitoring data from Landfarms II and
III. Conductivities in the downgradient wells at Landfarm II were significantly
different under both the modified Students' t-test and the Mann-Whitney U test.
This is as expected since the upgradient well at Landfarm II has historically shown
about half the conductivity of the downgradient wells. All other indicator
parameters were not significantly different when tested under the two-tiered
statistical approach presented herein.

Recommended constituents for monitoring and constituent concentration levels
adequate for statistical analyses are presented in this report in Table 4. The
constituents to be included in the statistical analyses include the Principal
Hazardous Constituents previously identified in the HavIC Waste Analysis Report and
the Treatment Demonstration Plan, and several indicator parameters which are
specifically characteristics of the oily sludges applied to the landfarms. It is
recommended that three indicator parameters -- pH, Conductivity, and Total Organic
Halogen (TOX) -- be dropped from future statistical analyses due to natural wide
variability at the site (conductivity), differences between in-situ and laboratory
measurements (pH), or because of salinity interferences with the laboratory test
(TOX). The two-tiered statistical approach can be used for groundwater monitoring
data, unsaturated zone liquids (lysimeter samples), and unsaturated zone soil cores
for Landfarms II and III.

The approach presented would call for HOVIC to install an additional
groundwater monitoring well which can serve jointly as a additional background well
for both Landfarms II and III.

The two-tiered statistical approach presented in this report meets the
regulatory requirement and augments the use of the Students' t-test. These methods
will limit false positives that were prevalent with the original Students' t-test.
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SECTION 1
INTRODUCTION

Hess Oil Virgin Islands Corp. (HOVIC) operates two landfarms
at a petroleum refinery located on St. Croix, U.S. Virgin
Islands. The refinery currently operates the landfarms under in-
terim status authorization -- EPA ID NO. VID 980536080. As part
of the RCRA permitting process, HOVIC has submitted a Resource
Conservation and Recovery Act (RCRA) Part B Permit application
for future operation of these landfarms. Under the RCRA 40 CFR
264 regulations which apply to the Part B Permit Paragraph
264.97, a statistical analysis program must be used to determine
if statistical differences occur between the water quality
parameters being monitored for the upgradient or background wells
and downgradient wells (from the land treatment unit). If
statistical differences are indicated at the 0.05 level, then the
regulations assume that there has been constituent movement from
the unit. As part of this application, HOVIC has prepared a
statistical approach presented herein to be used for analyzing
groundwater quality data and unsaturated zone soil and liquid
samples under the RCRA Part B Permit.

1-1
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BACKGROUND
HOVIC has collected groundwater data since April 1982 from

four monitoring wells (one upgradient well and three downgradient
wells) at Landfarm II and four monitoring wells at Landfarm III.
Specifically, HOVIC has analyzed the groundwater samples for the
indicator parameters pH, specific conductance at 25 0 C
(conductivity), total organic carbon (TOC), and total organic
halogen (TOX) -- and two constituents responsible for the waste
sludges to be listed under 40 CFR 261 as RCRA wastes, lead and
chromium. The data for the indicator parameters have been sub-
jected to the Students· t test as described under 40 CFR 265.93
and Appendix IV of 40 CFR 265. (Note: The lead and chromium data
have been used as action level parameters to supplement the
statistical tests. That is, if a concentration of 0.035 mil-
ligrams per liter or mg/l of lead or chromium were analyzed in
the groundwater samples, then this was a true indication of con-
stituent movement from the landfarms, and a groundwater assess-
ment program was to be implemented.) Under the 40 CFR 265
regulations, a statistically significant difference is assumed at
the 0.01 level.

The groundwater beneath the HOVIC landfarms has been deter-
mined to be brackish to saline. Conductivity measurements indi-
cate that this salinity varies both spatially and temporally
across the site. Since the beginning of the HOVrC groundwater
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monitoring program, the salinity has caused problems (total dis-
solved solids or TDS interferences) with several of the analyses
used in the statistical analyses. The specific analyses which
are known to be interfered with by high TDS concentrations in the
water samples are total organic carbon (TOC), total organic
halogens (TOX as Cl-), and the metals analyses (specifically lead
or Pb and chromium or Cr). Since the inception of the monitoring
program, EPA has updated the. acceptable procedures which help to
account for these laboratory analytical problems caused by the
TDS interferences. Along with the EPA procedures, HOVrC and
their outside contract laboratories have worked out many of the
analytical problems associated with the TDS interferences.

The Students' t test results on the HOVrC groundwater data
have indicated statistically significant differences when compar-
ing upgradient and downgradient monitoring wells at a landfarm.
These differences are believed to be false positives caused for
the most part by the spatial and temporal salinity differences
across the site. Lead and chromium concentrations in the
groundwater samples have been less than the action level of
0.035 mg/l.

HOVrC has discussed with EPA the problems with the Stu-
dents' t test and various alternatives to this statistical test
which might.eliminate the many false positives associated with
this method. EPA has recommended that HOVrC develop alternative
statistical procedures which might eliminate the false positives
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while still effectively giving true indications of constituent
movement from the landfarms to the underlying groundwater. In
these efforts, HOVIC consulted with Dr. Robert Gibbons, Professor
of Statistics at the University of Illinois in Chicago, for the
development of a technical approach to statistical analyses of
the HOVrC groundwater data. The procedures developed and example
calculations using the HOVIC data are presented in the following
section.
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SECTION 2
STATISTICAL PROTOCOLS FOR ANALYSIS OF THE

HOVIC GROUNDWATER DATA

HOVIC has been using the Students' t test as presented in 40
CFR 265, Appendix IV. The Students' t test is a statistical test
for determining if data in one group of test samples, such as the
downgradient wells, are related to the control group, in this
case the upgradient wells. In this test, some confidence inter-
val must .be used and this has been established by regulation at
the 0.01 level for the interim status groundwater monitoring and
at the 0.05 level for future Part B Permit groundwater monitor-
ing. A significant assumption of the Students' t test is that
the data follow a statistically normal distribution (bell-shaped
curve).

RECOMMENDED STATISTICAL APPROACH
The HOVIC data, as well as other sites' groundwater monitor-

ing data, would not necessarily be expected to follow a normal
distribution. At the advice of Dr. Gibbons, a two-tiered statis-
tical approach was developed as outlined below.

Statistical Analyses of the Indicator Constituents and the Prin-
cipal Hazardous Constituents

For the indicator parameters and the principal hazardous
constituents such as lead, benzene, toluene and 2,4 dimethyl-
phenol expected to be near or below the method detection limits,

2-1



2-2

or are at the refinery background concentrations, the following
criteria are to be used.

A threshold concentration has been set which is reflective
of method detection limits or known refinery background
conditions. If the constituent concentration in a sample from the
media being monitored -- groundwater,
or unsaturated zone soil cores--

unsaturated zone liquids,
is higher than these estab-

lished threshold concentrations, then the data are assumed can-
didates for potential statistical differences. The data will
then be subjected to statistical analyses described in Steps 1
and 2 which follow. If the data are below these threshold
limits, then the data are assumed to be not statistically dif-
ferent from background conditions. As an example, a threshold
concentration for benzene of 50 micrograms per liter (~g/l or ppb
in any groundwater sample or lysimeter sample is set as the limit
at which statistical analyses will be implemented. That is, if
benzene is detected at 50 ppb in a well (either upgradient or
downgradient), then that parameter (benzene) is subjected to the
Mann-Whitney U test. Since this test ranks data (that is, puts
the data in ascending order), less than detection limits results
can be factored into the statistical test without having to
define what the less than number actually is.

The method limits of detection for soil samples will be de-
pendent on the specific analytical test selected. A set point
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for statistical analyses for the soil samples has beeen estab-
lished based on the specific method limits of detection aChiev-
able. The results of the Mann- Whitney U test would be used to
determine if there has been a significant increase in the par-
ticular parameter tested; that is, a significant increase from
upgradient to downgradient.

Step 1. Analyze the data using the Students· t test. The
approach is to obtain quarterly data from the
background wells. At least 8 to 16 independent
groundwater quality data from the background
we11(s) are compared with the most recently col-
lected groundwater data for each downgradient well
at each 1andfarm. The four replicate measurements
of one groundwater sample (for a specific param-
eter such as conductivity) obtained during anyone
sampling round are averaged to yield one data
point. That is, for each sample period only one
data point (an average of the four replicate
measurements) are used per individual groundwater
monitoring well sampled. As an example, in order
to obtain twelve independent background data
points, either the last consecutive twelve sample
rounds of data are used or the last six consecu-
tive sample rounds of data from two background
wells at a landfarm will be used. These twelve
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values are converted to natural logarithms and
compared at the 0.05 confidence level using the
Students' t test with the natural logarithm of the
value for the downgradient well (natural logarithm
of the average of the four replicate data
results). The natural logarithms are used so that
all constituents are comparable (because pH is a
logarithmic function). If there are significant
differences, then the data are subjected to a non-
parametric test (that is, Mann-Whitney U test as
described in Attachment 1). A nonparametric dis-
tribution does not follow a normal distribution
(bell-shaped curve). If results are inconsistent
then one assumes that the difference is due to
distributional misspecification (that is, these
data are not distributed normally statistically
in a classsical bell-shaped curve as is assumed
by the Students' t test statistic, but not by the
Mann-Whitney U statistical test). Concordance
between the results of these two tests suggest
that the empirical distribution of these data are
not affecting the test results.
Analyze the data using a nonparametric statistical
test, the Mann-Whitney U test. If there is a sta-
tistically significant increase (or pH decrease)
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in a parameter for a groundwater monitoring well
based on the Students' t test results, then the
non-parametric statistical test, the Mann-Whitney
U test, is to be run on the data. The log means
of the eight most recent data results from the
background groundwater monitoring well are com-
pared with the means of the data results from
three downgradient groundwater monitoring wells.
The Mann-Whitney U test procedure to be used is
described in Attachment 1. If a non-significant
result is obtained from the Mann-Whitney U test
statistic, then this suggests that these data did
not follow a normal distribution. Therefore, the
use of the Students' t test is inappropriate for
the analysis of these data. If a positive finding
or significant increase also results from the
Mann-Whitney U test, then there has most likely
been a significant increase in that parameter.
Therefore, a positive finding using both the
Students' t test (a parametric test or test of
normally distributed data) and the Mann-Whitney U
test (a nonparametric test) is an indication that
a significant increase in that parameter has oc-
curred in the groundwater monitoring well based on
comparisons with the upgradient well (s).
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EXAMPLE CALCULATIONS
The HOVIC groundwater monitoring data for Landfarms II and

III are presented in Attachment 2. These data were subjected to
the two-tiered statistical approach given above. Examples of the
modified Students' t test results and for the Mann-Whi.tney U test
results for conductivity are given in Tables 1 and 2. The con-
ductivities in the downgradient wells at Landfarm III were not
significantly different than the upgradient wells. The conduc-
tivity for the downgradient wells at Landfarm II were sig-
nificantly different than the upgradient well in both tests.
This is as expected since the upgradient well at Landfarm II is
of much lower conductivity than the downgradient wells as is
depicted in Figure 1. Test results for all four indicator
parameters are given in Table 3 and the calculations are
presented in Attachment 3.

It is noted that statistical differences have been indicated
for pH since the inception of the HOVIC groundwater monitoring
program. It has been well documented that in-situ measurements
in the groundwater monitoring well of pH versus groundwater
brought to the surface or to the laboratory for measurements of
pH are almost always different. For the most part, this
phenomenon is caused by dissolved carbon dioxide, which is in the
form of naturally occurring bicarbonates or carbonates in ground-
water, escaping from the samples as they are exposed to the
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atmosphere. The typical result of this is that in-situ measure-
ments for pH are for the most part lower (more acidic) than pH
measurements on the same water sample once it is brQught to the
surface, that is, C02 is evolved depleting the natural weak car-
bonic acid solution in the groundwater. There is an equilibrium
solution (groundwater) between C02, carbonic acid, bicarbonates
and carbonates -- all naturally present. This was documented
for the HOVIC wells during groundwater sample collections which
were conducted in October 1985. A Hydro1ab 8000 water quality
instrument was used to measure in-situ water temperature, pH,
dissolved oxygen (DO), and oxidation-reduction potential (ORP) in
the monitoring wells at both Landfarm II and Landfarm III.
Groundwater samples were collected and taken to the HOVIC onsite
laboratory for pH measurement. The data are presented in Attach-
ment 4. The pH in the wells was typically between 6 to 7 and in
the laboratory between 7 which is expected for saline waters
(seawater has a pH of around 8). The change in pH from in-the-
well to the surface is due to the carbon dioxide loss from the
water samples once they. reach the surface. It is recommended
that pH be dropped as a parameter for statistical analysis under
the RCRA Part B Permit because of these naturally occurring
chemical phonomena. Additionally, conductivity is naturally high
beneath the" HOVIC site as well as being both spatially and tem-
porally different. It is recommended that conductivity not be
included in future statistical analyses under the RCRA Part B
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Permit. A third parameter, TOX, should also be dropped from the
indicator list under the Part B Permit. TOX is measured as Cl-,
and in the groundwaters at HOVIC the TOX measurements are in-
fluenced by the high salinity.

FUTURE MONITORING AND STATISTICAL ANALYSES
In order to achieve the necessary number of samples required

for statistical analyses, either quarterly groundwater samples
should be required or an additional background well should be
required for each landfarm. It is recommended that an additional
background well be placed between Landfarm II and Landfarm III as
presented in Figure 2. This well would be used as a second back-
ground well for both Landfarms II and III. Thus the wells could
still be sampled semiannually and a total of eight background
samples could be obtained within a two-year period which would
give the statistical tests the necessary power for determining
significance at the 0.05 level.

The parameters to be subjected to the statistical analyses
are given in Table 4. Groundwater monitoring is recommended to
be done on a semiannual basis if two background wells are avail-
able at the landfarms. Otherwise, quarterly groundwater monitor-
ing should be required.



TABLE 1. MODIFIED STUDENTS' t TEST FOR CctlDUCTIVITY AT lA'lDFARHS II I

lA'lDFA~ MctllTORING MctllTORING ~PLlNG
WELL II WELL I DATE CctlDUCTI'

LOCATIIN (ulllhosJ
---------------------------------------------------------------------

II NSF-I upgradient 27-Sep-B4 I
NSF-I upgradient 06-Nar-84 3
NSF-I upgradient 12-Apr-84 2
NSF-I upgradient 03-Jun-84 2
NSF-I upgradient 20-Aug-84 2
NSF-I upgradient 28~ou-84 2
NSF-I upgradient 20-Nar-85 2
NSF-I upgradient Ot-Jul-85 2

NSF-2 dCMngradient OI-Jul-85
NSF-3 d!»lngradient OI-Jul-85
NSF-4 dOoilngradient OI-Jul-85

III SSF-I upgradient 27-Sep-84
SSF-I upgradient 06-Nar-B4
SSF-I upgradient 12-Apr-84
SSF-I upgradient 03-Jun-84
SSF-I upgradient 20-Aug-B4
SSF-I upgradient 28~ou-a4
SSF-I upgradient 20-Nar-B5
SSF-I upgradient Ot-Jul-B5

SSF-2 dCMngradient OI-Jut-a5
SSF-3 dOoilngradient Ol-Jul-85
SSF-4 dCMngradient Ol-Jul-85

NOTE: A - THERE }i::\SNOT BEEN A SIliiIFICANT C~GE IN THIS PARAMETEH

B - MOST LIKELY THERE HAS BEEN A SIliiIFlCANT INCREASE (OR pH
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In
C~OUCTIVITY STA'40ING

9.8653
10.3090
10.2921
10.3006
10.1562
9.9874
9.9758

10.0541

10.6748
10.6573
10.8047

,
10.1659
10.7032
10.6919
10.8297
10.8198
10.7088
10.7144
10.7255

10.6454
10.4773
10.6690

x-bg

10.1175

. 10.6699

2
s-bg

0.0295

0.0443

0.0608

0.0744

x-dg

10.6748
10.6573
10.8047

10.6454
10.4773
10.6690

9.1686
8.8808

11.3063

-0.3290
-2.5878
-0.0128

tc

1.8950
1.8950
1.8950

1.8950
1.8950
1.8950

B
B
B

A
A
A

~SE) IN THIS PARAMETER



TABLE 2. /'Wt4-lAHIiNEYU TEST FOR C~DUCTIVITY AT ~DFARHS II ~D I

~DFARH H~1TORING
WELL II

H~1TORING
WELL II

LOfATIIN
s;t!PLING

MTE . CINDUCT
<wihos---------------------------------------------------------------------

II NSF-l
NSF-l
NSF-l
NSF-l
NSF-l
NSF-l
NSF-l
NSF-l
NSF-3
NSF-2
NSF-4

upgradient
upgradi ent
upgradi ent
upgradient
upgradient
upgradient
upgradient
upgradient

d~ngradient
d~ngradient
d~ngradient

27-Sep-B4
20-Mar-B5
28-Nou-B4
01-Jul-85
20-Aug-B4
12-Apr-84
03-Jun-B4
06-Mar-B4
Ol-Jul-B5
01-Jul-85
01-Jul-85

III SSF-l upgradient 27-Sep-B4
SSF-3 d~ngradient Ol-Jul-B5
SSF-2 d~ngradi ent Ol-Jul-85
SSF-4 ~ngradient Ol-Jul-85
SSF-l upgradient 12-Apr-84
SSF-l upgradient 06-Mar-84
SSF-l upgradient 28-Nou-84

- - SSF-l upgradi ent 20-Mar-85
SSF-l upgradient 01-Jul-85
SSF-l upgradient 20-Aug-84
SSF-l upgradient 03-Jun-84

NOTE: A - THERE ~S NOT BEEN A SI~IFIfANT CIW'lGEIN THIS PA~ETER
B - HOST LIKELY THERE HAS BEEN A SIGNIFICANT INCREASE) IN THI
SEE ATTACHMENT 1, TABLE J FOR N2 FOR PROBABILITIES <P-l OR P-
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1n
C~DUCTIVITY U-l U-2

(pH only)
P-l P-2

(pH only)
STft/DING

C~FIDENCE
INTERVAL

.----------------------------------------------------------------------------------------------------------

9.8653 0
9.9758 0
9.9874 0

10.0541 0
10.1562 0
10.2921 0
10.3006 0
10.3090 0
10.6573
10.6748
10.8047 ---------------

0 0.006 8 0.05
8 0.01

10.1659 0
10.4773
10.6454
10.6690
10.6919 3
10.7032 3
10.7088 3.
10.7144 3
10.7255 3
10.8198 3
10.8297 3--------------

12 0.539 . A 0.05
A 0.01

~ETER

tsus U



TABLE 3. SIMRY OF H!1JIC STATISTIrAL ~LYSES RESULTS

INDIrATOR PARAMETER
. -------------------------

pH pH pH conductivitr

LJt4DFARN H(}UTORING STATISTICAL TEST
WELL I -----------------------------------------------------------.

Behrens-Fisher modified
t-test t-test

Hann-Whitney Behrens-Fisher
U test t-test

-----------------------------------------------------------------------------------------
II NSF-t A

NSF-2 B

NSF-3 B

NSF-4 B

SSF-t B

SSF-2 B

SSF-3 B

SSF-4 B

A

B A B

A A B

A A B

B

A A B

A A B

A A B

NOTES: A - THERE MS NOT BEEN A SIG4IFICANT CMNGE IN THIS PARAHETER

B - HOST LIKELY THERE HAS BEEN A SIG4IFICANT INCREASE IN THIS PARAHETER

C~FIDENCE INTERVALS :
BEHRENS-FISHER t-TEST - a.Ot
HODIFIED t-TEST - 0.05
~-WHITNEY U TEST - 0.05
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uctivity conductivity TOC TOC TOC TOX TOX TOX

-------------------------------------------------------------------------------------------------------------------_.
dified
-test

Hann-Whitney Behrens-Fisher . modified
U test t-test t-test

Hann-Whitney Behrens-Fisher modified
U test t-tast t-test

Hann-Wh itney
U test

-------------------------------------------------------------------------------------------------------------------
A A

B B A B A A A A

B B A A A A A A

B B A A A A A A

A A

A A A A A A A A

A A A A A A A A

.A A A A A A A A



TABLE 4. NEDIAlCIJiSTITUEm STATISTICAL ~LYSES

NEOlA

TREATMENT ZIJiE lJiSATURAl
---------------------- ---------

SOIL CORE COHPOSITES S[
. CIJiSTITUEm

NIJiITORED SOIL SAMPLES
(0 - 5 ft)

SOl
(~

---------------------------------------------------------------------
PRINCIPAL HAZARDOUS CIJiSTITUEmS

METALS

bariUII
chrmiUII
had
vanadi UII

VOLATILE COHPOlJiDS

ACID COHPOlJiOS

2,4-dimethylphenol
BASEINEUTRAL COHPOlJiOS

benzo( a)prrene
naphthalene

INDICATOR PARAMETERS

pH
conductivity
totaJ nitrogen
oil and grease
phenols
total organic carbon (TOC)
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CCNCENTRATICN FOR STATISTICAL ~lYSES._----------------------------------------------------------
IE 6ROLtl[X.IATER LtlSATURATED ZCNE GROLN[X.IATER._-------------------------------- ------------------------- ------------------------------------------------
~ES LYSII1ETERS I1CNITORING WELLS SOIL CORES lYSII1ETERS I1ONITORING WELLS

._----------------------------------------------------------- ------------------------------------------------
LIQUIDS WATER SOIL !WIPLES

(5 - 6 ft)
(ltg/kg)

LIQUIDS WATER

(lig/l ) (lig/l )------------------------------------------------------------ ------------------------------------------------

70
70
70

.70

x
x

x
x

0.050
0.050

0.050
0.050

x x 0.050 0.050

50
50

x
x
x

x .
x
x

3900
10
50

10
1

20
10
1

20



80,000

/). HSF-l j HSF-2

70,000
o HSF-3 I HSF-4
o SSF-l • SSF-2
o SSf-3 •. SSF-4

60,000

:E 50,000o--C/)
0
J:
:E 40,000:::l

>-
I-

> 30,000
I-
U:::l
C
Z· 20,000
0
U

10,000

2-13

I

1983
J

1986
1

1985
I

19841982 1987

TIME

FIGURE 1

CONDUCTIVITY MEASUREMENTS FROM RCRA WELLS

AT LANDFARMS II AND III
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ATTACHMENT 1
MANN-WHITNEY U TEST PROCEDURES

(From Siegel. 1956.
Nonparametric Statistics for the Behavioral Sciences.

McGraw-Hl I I, NY.)
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TIlE lIlANN-WHlTNEY U TEST 117I IIi TUE CASE OF TWO INDEPENDENT S.U1PLES

the scores: ~ I Iv' I
.', r., , 1\ \ E scores I!) 111 115 I o "'\L'v.M7'((' e...\t
~:,:~~:;~', (\., ~ scorcs -- --6- -8- -}-O- --}-3- S i.t('1;~G'€Ad-
"':; To find U, w~ first rank thc~c sc?rcs ill ,order of increasing si.ze, being
',.~'::, careful to retain each score's identity as either nil E or C score .

.,;;';; _6 _8 _\I I~I_}~I~~I_~
\\'11('11 nt least ordinal measurement hns been achieved tho Mnnn- : if;:I:; o C E C H C E

\\:I:i IlIP)' ~J trRt mny be usccl to test. \\,hel.l:l:r .t,~o independent groups hnve i I' S;~: N ow consider the c~ntrol group, und count the number of E scores that
III 1 II dlll\\ II from the same population. 1 Ills IS one of the most. powerful " ',~:,c' precede each score m the control group. For the C score of G, no E
of Ihe nonpnnuuetric tests, ami it is a IIIOSt useful nlternnti ve to the',:r score precedes. This is also true for the C score of 8. For the next
1~(lI'allletric t test when the researcher wishes to avoid the t test.'s assump- ':~I'i\'\ C ",0'0 (10), one E score precedes. And £0' the final C ,,",0 (13), two
tious, or when the measurement ill the research is weaker than interval" ,(;:: E scores precede. Thus U = 0 + 0 + 1 + 2 = 3. Tho number of
IHading. "~~:;; times that nn E score precedes a C score is 3 = U.

Suppose we have samples from two populations, population A and '::' .;;:;,' The sampling distribution of U under II 0 is known, and with this knowl-
population B. The null hypothesis is that A nnd B have the same ',,'\.;'(, ' edge we can determine the probability associated with the occurrence
distribution. The alternative hypothesis, III, against which we test ' ',) )iii}:': under Il« of any U as extreme us an observed value of U.
/I 0, is that A is stochnaticnlly larger than B, a directional hypotheBis.,,)) Ar:: ~ Very small samples. '\ hen neither 111 nor 111 is IlLr er than ,TuLlo J,re IIIUYacceI~t J[ I if the probability that a score from A is larger than a ::;{;) ~W~'; or the Appendix may be used to determine t 10 exact probability aasoci-
score from B IS greater than one-half. That is, if a is one observation ':1,< }(;:: nted with the occurrence under II 0 of any U as extreme as an observed
frul~l population A, and b is one observation from population B, then ::,:~i:~~:;": value of U. The reader will observe that 'fable J is made up of six
If I IS that p(a > b) >~. If the evidence supports II I, this implies thn~(':;';{:V" separate eubtablea, one for each value of 11" from 11, = 3 to 11, = 8.
the" bulk" of population A is higher than the bulk of population B.' ,':::::i' d;::;,: To determine the probnbility under 110 associated with his data, the

Of course, we might predict instead that B is stochastically larger than:>;:!:' :,1;J.;Y researcher need know only 111 (the size of tho smaller group), 11" and U.
A. Then III would be' that p(a > b) <~. Confirmation of this i}i' l!f.~;~ With this information he may read the value of p from the subtable
nss~:rlion \\'oul~ imply that the bulk of B is higher than the bulk of A. ;\ ' :,:;;;:; appropriate to his value of 112· '

I' Of a two-tailed test, i.e., for a prediction of differences which docs not ;, ':+;:, In our example, 111 = 3,112 = 4, and U = 3. The aubtnble for 711 = 4
"tate direction, III would be that p(a > Ii) ~ ~.>' in Tuble J shown that U ~ 3 has probability of occurrence under II 0 of

.. ,~:r
:, " ,':~ p = .200.
:: :(, The probabilities given in 'fable J are one-tailed. For 1\ two-tailed

Let Itl = the number of cases in the smnller of two independent groups',,' i:;;!:> test, the value of p given in the table should be doubled.
n nd 1/2 = the number of cases in the larger. To apply tho V test, we , ,;'1,+1.::.: Now it may happen thut the observed value of U is so large that it
first combine the observations or scores from both gl:0UPS, and rank these ", ,:;::",• docs not appear in the subtable for the observed value of 111· Such a
in order of increasing size. In this ranking, nlgobraic size is considered,' <' :~(i~:", 'value arises when the researcher focuses on the" wrong" group in deter-
i.e., tire lowest ranks arc assigned to the largest negative numbers, jf ";"1:'\::':: mining U. We shall call such a too-large value U'. For example, sup-
IInr,' , . :;:;;;;':, pose th.at in the above case we had cO~\llt.eJ t11e number ?f C scores

J\OI\' focus on one of the groups, SIlY the group with 111 cases. The ,:' ';:':~~'!": preceding each E score ruther than counting the number of h) scores pre-
value of U (~he statistic uscd in this test) is given by the number of times :,:t:;(:· ceding each C score.: We would have found thut U = 2 + 3 +·1 = 9.
that u HC~)reIII the g.roup with 112 cases precedes a score in the group with .':"::r::jt'~:, The subtuble for n~ =,4 docs not go up to U = 9. We therefore denote
71'1eases III the ranking. ' ' '.:', r~' our observed value as U' = 9. We can transform any Vito U by

For «xumple, RUPJl()~ewe had nn expcriment al ~(roup of 3 CURes nnd n ," ',~::!:'.' ' U = 71111Z - U'
('011 t rnl l(rOllp of -i r-nsr-s. 11rrr 111 = ~ I1l1d '" =.1. R1IPPosI' t hese were ~":'. [I'. • "rTT '> TI') e-e 1l(rr < 11,11, - ),

References

) )i~,a:IJ~HionRof the median test arc contained in Brown and Mood
(I!J51), 1\100<1(IU50, pp, 3U,!-3D5), and Moses (1952a).

THE MANN-WHITNEY U TEST
Function

Method

(6.6) *



118 'rIlE CASE OF TWO INDEPENDENT SAMPLES

In our example, by this trnnsf'orrnntion U = (3)(4) - 0 = 3. Of
course this is the U we found directly when we counted the number of E
scores preceding each C score.

. , ,~
Example for Very Small Sample8

Solomon nnd Coles' studied whether rats would generalize learned
imitation when placed under a new drive and in a new situation.
Five rnts were trained to imitate leader rats in n T maze. They were
trained to follow the lenders when hungry, in order to attain a food

. incentive. Then the 5 rats were each transferred to a shock-
avoidance situation, where imitation of leader rats would have
enabled them to avoid electric shock. Their behavior in the shock-
avoidance situation was compared to that of 4 controls who had had
no previous training to follow leaders. The hypothesis was that the
5 rats who had already been trained to imitate would transfer this
training to the new situation, and thus would reach the learning
criterion in the shock-avoidance situation sooner than would the 4
control rats. The comparison is in terms of how many trials each
rnt took to rench 1\ criterion of 10 correct responses in 10 trials.

i. Null llypothesi.;. 110: the number of trials to the criterion in
the shock-avoidance situation is the same for rats previously trained to
follow a lender to a food incentive as for rats not previously trained.
111: rats previously trained to follow 1\ leader to a food incentive will
reach the criterion'In the shock-avoidance situation in fewer trials
than will rats not previously trained.

ii. Statistical Test. The Mann-Whitney U test is chosen because
this study employs two independent snrnplcs, uses small samples,
and uses mensurement (number of trials to criterion as an index to
speed of learning) which is probably at most in an ordinal scale.

iii. Significallce JA~l'cl. Let a = .05. nl = 4 control rats, and
nt := 5 experimcntnl rats.

iv. BamlJlillg Distribution. The probabilities associated with the
occurrence under 110 of values as small as an observed U for nJ,
nt ~ 8 arc given in Table J.

v, Rejection Uegion. Since JI, stntea the direction of the predicted
difference, the region of rejection is one-tailed. It consists of nil
values of U which are so small thnt the probability associated with
their occurrence under J[ 0 is equal to or less than a = .05.

vi. Decision. The number of trials to criterion required by the E
I Solomon, n. I.., nor! Col('~, M. n. 1!l51. A CIiRC or rniluro of grmcrnliznt.ion of

imitntion ftrroA~ driV!'R rlOr! nrroR!! altuntiona. J. A/morm. Snr.. 1'31/rho/., .0, 7-13.

'.

. -. '\~~-:--:-- --_.--- -

.J~-" ':, ~1_5_1I~I~I~I~I~'I~I~
':1' (':.'~ E C C E eEl E E C: ~:-. 'j: I

l- /-r.·.., . .: We obtain U by counting the number of E scores preceding ench C
.:' score: U = 1 + 1 + 2 + 5 = 9.'1"" . In Table J, we locate the subtable for n, = 5. We see that U =:; g'if . when nl = 4 has a probability of occurrence under II 0 of 1) = ..152.
','I. .. Our decision is that the data do not give evidence which justify

rejecting H 0 at the previously set level of significance. The con-
. elusion is that these data do not support tho hypothesis that previous
training to imitate will generalize across situations and across
drives}

;'fl: ,.
~\i

..t/·
.. ~~/:"".'
'.'I·;~>··;¥; n, between 9 an If n, (the size of the larger of the two indo-
-.:Lt.: :,:.' pen ent samples) is larger than 8, Table J may not be used. When III

. :,-',q::i::' is between 9 and 20, significance tests may be made with the !IIann-
" \'i.. Whitney test by using Table I( of the Appendix which gives critical vnlucs

of U for significance levels .001, .01, .025, and .05 for a one-tailed test.
For a two-tailed test, the signi ficance levels givcn are .002, .02, .Ofl, and

.10.
Notice that this set of tables gives critical values of U, and docs not

give exact probabilities (as does Tnble J). That is, if an observed U fur n
. . particular n, ~ 20 and n, between g nnd 20 is equnl to or less thnn Ihnt.

vaiue given in the table, Il « mny be rejected at the Icvel of significance
Indicated at the head of that Lalue.

For example, if nl = 6 and 112 = 13, a U of 12 cnahles us to reject
J[ 0 at a = .01 for a one-tailed test, and to reject II 0 at a = .02 for a two-

tailed test.
Computing the value of U. For fairly large vnluos of 11. and 112, the

counting method of determining t ho vnlue of U mny he ruther l!'diolls.
An alternative method, which gives identicnl results, is to nssign the

.1
'!
~~;::I:' :.

.! "r·:,· .::';:"
.: J?: -: .~:.

·"f,

··.iL
J'i
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,·i and C rats were:

Ernls I~_I~I~I~I~
C rats 110 70 53 51

.We arrange these scores in the order of their size, retaining the identity

oC each:

,.'

';~.

, Solomon nnd C.()1~9 report tho MI1Hl cOIlr.1I1~ion,
I 1;, .•. 1 .,,,,J

The ~Inli~!ir~l II'~l whirh tlor.r
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120 TJn~ CASE OF TWO INDEPENDENT 8AlIIl'l.ES

ra IIk of I to t.he lowest score in the combined (1£, + n,) group of scores,
assign rank 2 to the next lowest score, etc. Then

U = nm + n,(n, + 1), 2-- - RI (6.70)
or, equivalently,

U ~ 1£,1£2+ n2(n, + 1)2 - Rz (6.7b)

where H, = sum of the ranks assigned to group whose sample size is nl
/(2 = slim of the ranks assigned to group whose sample size is n,

For example, we might have used this method in finding the value of
U for the data given in the example for small samples above. The E and
C scores for that example are given again in Table 6.13, with their ranks.

TAllLE 6.1:1. Tm.u.s TO ClllTERION OF E AND C RA.TS

E Score Rank C Score Rank
-'--
i8 7 110 9
(i·1 oj 70 5
75 6 53 345 1 51 282 8

R ••• 26 Rl - 19

For those data, R, = 19 and R2 = 2G, and it will be remembered that
n, = ·1 and n2 = 5. By applying formula (G.7b), we have

U = '(4)(5) + 5(5 + 1) _ 26
2

=9
U = 9 is of course exactly the value we found earlier by counting.

Formulas (G.7a) and (G.7b) yield difTerent U'e. It is the smaller'
of these thnt we want. The larger value is U'. The investigator
should check whether he has found U' rather than U by applying the
t ruusformntion

U = n,n2 - U' (6.6) .
The smaller of the two values, U, is the one whose sampling distribution
is lhe basis for Table K. Although this value can be found by computing
both formulas (G.7a) and (6.7b) and choosing the smaller of the two
results, n simpler method is to use only one of those formulas and then
find the other value by formula (G.6).

Large samples (n2 larger than 20). Neither Table J nor Table K is
usuble when 112 > 20. However, it has been shown (Mann and Whitney,

,~"
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1!).17) that as 1£" it, increase in size, the sampling distribution of U rapidly
approaches the normal distribution, with

and

~1 nlnzean = /JU =2

(nJ(n,)(n, + nz + 1)
12

Standard deviation = I1U =

That is, when 1£2 > 20 we may determine the significance of an observed
value of V by

U - /Ju
Z =

U _ ?l,nz
2

(6.8)
I1U /(71,)(1£2)(71, + n, + 1)V 12

which is practically normally distributed with zero mean and unit vari-
ance. That is, the probability associated with the occurrence under 110
of values as extreme as an observed z may be determined by reference to
Table A of the Appendix.

When the normal approximation to the sampling distribution of U is
used in a test of JIo, it does not matter whether formula (6.7a) or (6.7b)
is used in the computation of U, for the absolute value of z yielded by
formula (6.8) will be the same if either is used. The sign of the z depends
on whether U or U' was used, but the value does not.

Example for Large Samples

For our example, we will reexamine the Whiting and Child data.
which we have already analyzed by the median test (on pages 112
to 115).

i. Null Hypothesis. H«: oral socialization anxiety is equally
severe in both societies with oral explanations of illness present and
societies with oral explanations absent. H,: societies with oral
explunations of illness present arc (stochuatically) higher ill oral
socialization anxiety than societies which do not have oral explana-
tions of illness.

ii. Statistical Test. The two groups of societies constitute two
independent groups, and the measure of oral socialization anxiety
(rating scale) constitutes an ordinal measure at best. For these
reasons the Mann-Whitney U test is appropriate for analyzing these
data. ,:

iii. Significance Level. Let ex = .01. nl = 16 = the number of
societies with oral explanations absent; n2 = 23 = the number of
societies with oral explanations present.
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12.2 TilE CASE or 1'WO INDEPENDENT SAMPLES

Iv, SJmplin!l Distribution. For n, > 20, formula (6.8) yields
vnluea uf z: The probability associnted with the occurrence under
II 0 of values as extreme as an observed z mpy be determined by

reference to 'fnble A.
v: Rejection Rraion. Since III predicts the direction of the differ-

ence, the region of rejection is one-tailed. It consists of all values of
z (from dnta in which the difTerence is in the predicted direction)
which are so extreme that their associated probnbility under H 0 is
equal to or leas than a = .01.

vi. Decision. The ratings assigned to each of the 30 societies arc
shown in Table 6.14, together with the rank of each in the combined

TADI.E 0.14. OnAL SOCIALIZATION ANXIETY AND OnAL ExPLANATIONS or ILLNESS

Societies
Rating Societies

Rating

with oral
on ornl with oral

on oral

eltplnnations
socilllize.- Rank eltplllnations

socialize.- Rank

tion tion
absent anxiety

present anxiety

Lapp 13 29.5 r.farqllesans 17 39.
Cnamorro 12 2,1,5 Dobuane III 38
Snmollns 12 2-1.5 Baiga 15 36
Arnpe~h 10 III Kworna 15 31l
BnlineBo 10 16 Thonga 15 36
Hopi 10 16 Aloresc 14. 33
Tan III", 10 16 Chagga J.l 33

Paiute II 12 Navaho 14 33
Chenchu 8 11.5 Dahomeans 13 2!l.:5

Teton 8 11.5 Lesu 1:1 29.5
Flathead ,7 5 Musai 13 29.5
Papago 7 5 Lapchll. 12 2·1.5
Venda 7 5 Mnori 12 24.5
Wnrrnu 7 5 l'uknpllkl\nB 12 2·1.5
-Wogeo 7 5 Trobriandere 12 2·1.5
Ontong-J"'Vllnrso 0 1.5 Kwakillll 11 20.5

Mnnus 11 20.5
Chiricnhua 10 III

RI ••200.0 Comanche 10 16
Siriono 10 16
HenR 8 IJ.I)

Slavo 8 O.b
}(urlll.tehi e 1.11

RI - 580.0

group. Notice that tied rntings are assigned the average of the tied
ranks. For these data, Rl = 200.0 and R, = 580.0. The value of
U may be found by substituting the observed values in formula

(ti.7a) :

:d;11t.,j. .....~#<I'~';..t-\.1~~' •..,.~l!:t:·!~•..... J"'.H ',' -,

It is importnnt to notice that for these data the fllann-Whilney V
, test exhibits greater power to reject llo than lite median test. Testing
a similar hypothesis about these data, the median test yielded a value
which permitted rejection of Il» at the p < .005 level (one-tailed kilt),
whereas the Mann-Whitney test yielded a vnlue which permiUCtI rcjee-

. tion of H« at the p < .0003 level (one-tailed test). The fad that the
Mann-Whitney test is more powerful thnn the mcdinn lest is not sur-

" prising, inasmuch as it considers the rnnk value of each ohservation
" rather than simply its location with respect to the combined medinn,

'.j" f;,: and thus uses more of the information in the data.
" I'I.\.'- '., ' Ties. The Mann-Whitney test assumes thnt the scores represent a

"j t'~.: distribution whic~ has un~erlying continl~ity. W.itlt. very prenise m.c~s-
.: \!1'; ';,' urement of a variable which has underlying contlllUlty, the probabilit y
, I',,U~''',,- of a tie is zero. However, wit.h the relatively crude measures which WI!

,,~''L.'"'. typically employ in behaviornl scientific research, ties may well occur.
: :~":, ." ',' •.As we hnve alrell.~y noted, '~'hiling and Child reached the same decision on the

; , bReIS of the pllrnmetnc t test. 1 hey found that t - 4,Oa, r < .0005.
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U = nln% + nl(nl + 1) ,2 - RI
(ti. 7 u)

= (16)(23) + 16(16 + 1) - 200
2

= 304

Knowing that U == 304, we may find the value of z by substituting

in formula (6.8):
u _ nl~~

2
z = -r.=='::::;=====

'(nl)(llt)(nl + n, + 1)
--------12 -

304 _ (16)(23)
_ 2 ,

- /(16)(23)(16 + 23 + 1)
'\j 12

(U.H)

= 3,43

Reference to Table A revenls that z ~ 3.'13 hns n one-tailed prohnhil-
ity under JI 0 of p < .0003. Since this p is smnllcr than a = .Ot , 01\\'
decision is to reject JIo in favor of /II'· We conclude t hnt slwielil's
with oral explanations of illness present are (stoe\tasl.ically) hiJ!:her in
oral socialization anxiety than societies with oral explanal ions

absent.



"l
~
~

• -r : '., •• !::. . ,;": •... ', ",,/.; :~~~'.l.~':.• I," ,I;,. .; ~.:~ . .~~;" ','.:,'..: I

/.';;-ii:." )',h~Jt''''~\·~~:~·i"iJi.t:·;t.·i-.~'',I~~;'h''~ilJA~WI...~;~);.i:I.,~:~o4.;~·~1~"'1~4,·•.•<J ••.q.,:.·••..:~~~"M./I''''M' t J 1$.. ,., , . ) :t, ~I:' I . 0,,,, ..... ..•.... , . ., ."
Till!: CASE OF TWO INDEPENDENT SAMPLES ' -. ",". :

•.t. 0\ ~r'..• ~ ~ ". ""

124

We assume toat the two observations which obtain tied scores are really
different, but that this difference is simply too refined or minute for,
Jetcction by our crude measures.

Woen tied scores occur, we give each of the tied observations the
Average of tho ranks they would have had if no tics had occurred.

If the tics occur between two or more observations ill tho same group,
'tho value of U is not affected. But if ties occur between two or more
observations involving both groups, the value of U is affected, Although
the efTect is usually negligible, a correction for ties is available for use
with the normal curve approximation which we employ for large samples.

The efTect of tied ranks is to change the variability of the set of ranks.
Thus the correction for tics must be applied to the standard deviation of
the sampling distribution of U. Corrected for ties, the standard devia-
tion becomes .

~

'- ., "'-

nln2 N' - N
au = (N(N _ 1»)( 12. - ~T)

where N 1:1 n. + n2

T .,. t'l; t (where l is the nI~mber of observations tied for a given

rank)
'XT is found by summing the 1"s over all groups of tied observations

With the correction for tics, we find z by

I; U _ nt1l2
-2-

z = W(_1lln2 ) (~-:- N _ ~ T)o.
-V~N(N - 1) 12 ,

(6.0)

It may' he seen thatif there are no tics, the above expression reduces
directly to that given originally for z [formula (6.8»). I

The use of the correction for tics may be illustrated hy applying that
correction to the datil. in Tahle 6.14. For those data,

I": .,!,":, nl+nt=16+23=30,=N

<i: •
'~:~:. "

:\: We observe these tied groups::r, ':';',"\,,,if"""~~:';) 'l~ I•..• , \,'1,·2 ecorea of 0
,.1, ,"~l'li1,,\ :. ')"< : ;I!,. I:' '11 ; 5 scorea of 7

.11: .' • • .•. ~ • I

' I' . I 4 Bcorcs of 8
" .!, 7 scoreB of 10 ' v • -s. ,:;

,
'" "

.:1

'.' ,:" '.,j :!.
, ;

•• ~. ':: I"

" ,
; I !! ,:./. ;.....l' .~'" '.

'. I .: )": ~; 2 scores of 11
6 scores of 12
4 scores of 13
3 scores of \·1
3 scores of 15

. ,

,.' !,' TnE MANN-WHITNEY U TEST 12:i
rf ~/ : :.! :::.! ,'1"1: Thus we have l B of 2, 5, 4, 7, 2, 6, 4, 3, and 3.

:'i' ... :::., . ~~11l~8of llI; l for each of these tied groups:
.: I, l.

To find 'XT, we sum the

, ' 'I .• .: 2' - 2 5' - 5 4' - 4 i' - 7 2' - 2 G' - 6
" ~T.= 12 + -1-2-+ 12- + -12-0 + -1-2- + -1-2-
: '.:/ ',-, I 4' _ 4 33 _ 3 3' - J

...•• 'i' + __ + __ + _
:.;.:.' ( " 12 12 12

.·'jl~>i,·f;~.;,~.5 + 10.0 + 5.0 + 28.0 + .5 + 17.5 + 5.0 + 2.0 + 210

, ,~::',.;:::°i:i ',= 70.5

\:i".: I :'f)': ',Thus for the data in Table 6.B, 111= 16, n2 = 23, N = 3D, U = 30.1,
,'. ; / ~;;.:.and ,~T = 70.5. Substituting these values in formula (6.n), we have

, ;/d;}r~.: u _ n~n, . ,
'. '. :,;,"\,. II,. ;,,1 Z = (G. D)

.~: ';,< r~ ;:" ~(N(~.~ IJ(Nil; N - ~1).,f .:
"~ .

,ii'" '. I.. ~

~.o
. 1(.J.!.Q~(23) ). ((30)1 - 3D _ iO.5)
V 30(30 - 1) 12,

= 3..15

v: , The value of z when corrected for tics is 0. little larger than that f01ll1(1
earlier when the correction was not incorporated. The difference

-.between z ~ 3.43 and z ~ 3..15, however, is negligible in so far as the
\:: :: : probability given by Table A is concerned. Both z's are read as having

,"; ,;.''-~:'':'an associated probability of p < .0003 (one-tailed test).
,::1" ::,,~,?;'i 'As this example demonstrates, ties have only a slight efTect. Even

:: !i"~);:::when a large proportion of the scores are tied (this example had over no
. ;:- l:",: :,:;::~ per cent of its observations involved in ties) the efTect is pract irnlly
:;:i. f.:~,:,:;.~:~I negligible. Observe, however, that the rnugnitude of the correction

:.:;~.: !:21':[.;:1 factor, J;T, depends importantly on the length of the various ties, i.e.,
',>;:; ';\~il'~on the size of the various t's. Thus a tie of length 4 contributes 5.0 to

, ! !lj!~l If,..1t:!.•"'T . hi I h . f I I 2'b I I..:'..:"i'iI ~!t~;;1\)I~"" ,In t IS exarnp e, w ereas two ties () engt I contri ute toget ier on y'!i:~,Y!fji;I.;;; 1.0, (that' is,' .5 + .5) to 'X1' •. And a tie of length 6 contrihu tes 17.5,
,.;~~t?!lij![ Whereas, two of length 3 contribute together onlv 2.0 + 2.0 = 4.0.
, .':,ji::j~::,.,1: When the correction is employed, it tends to increase the value of z
. ,~ .,i:(:I/ slightly, making it more significant. Therefore when we do not correct

(ii;/ .. for ties our test is "conservative" in that the value of 1) will be slightly
.:,'." .', inflated. That is, the value of the prohnbility associated with tho

observed data under 110 will be slightly larger tll1I11that which would he
found were the correction employed. The writer's reconunondn tion is

~~
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12Q TilE CASE OF TWO INDEPENDENT SAMPLES

that one should correct for tics only if the proportion oC tics is quito
large, if some of the t's arc large, or if the p which is obtained without
the correction is very close to one's previously set value of a.
Summary of procedure. These arc the steps in the use oC the Mann-

Whitney U test:
l. Determine the values of nl and n2. nl = the number of cases in

the smaller group; n, = the number of cases in the larger group.'
2. Rank together 'the scores for both groups, assigning the rank of

1 to the score which is algebraically lowest, Ranks range from 1 to
N = nl + n,. Assign tied observations the nvernge of the tied ranks.

3. Determine the value of U either by the counting method or by
applying formula (G.7a) or (G.7b).

4. The method for determining the significance oC the observed value
of U depends on the size of tl,:
a. If n, is 8 or less, the exact probnbility associated with a value as

srnnll as the observed value of U is shown in Table J. For a two-tailed
test, double the value of I'shown in thnt table. If your observed U is
not shown in Table J, it is U' and should be transformed to U by
formula (G.n).

b. If nt is between 9 and 20, the significance of any ohserved value of
U may be determined by reference to Table K If your observed
value of U ill larger than 1l111t/2, it is U"; apply formula (6.6) for n
transformation.

c.. If n, is larger than 20, the probability associated with a value as
extreme as the observed value of U may be determined by comput-
ing the value of Z 88 given by formula (G.S), and testing this value by
referring to Table A. For a two-tailed test, double the p shown in
that table. If the proportion oC tics is very large or if the obtained
p is very close to a, npply the correction for ties, i.e., use formula
(G.9) rather thnn (6.8).

5. If the observed value oCU has an associated probability equal to or
less than a, reject 110 in favor oC Ill.

Power-Efficiency

If tho Mnnn-Whitney test is applied to data which might properly
be analyzed by the most powerful parametric test, the t test, its power-
efficiency appronches 3/7r = 95.5 per cent as N increases (Mood, 1054),
and is close to 95 per cent even for moderate-sized samples. It is there-
foro an excellent alternative to the t test, and oCcourso it does not have
the restrictive aaaumptions and requirements associated with the t test.

Whitney (1948, pp. 51-5G) gives examples oC distributions Cor which
the U test is superior to its parametric alternative, i.e., for which tho
U test has greatcr power to reject II e-
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THE KOLMOGOROV-SMIRNOV TWO~SAMPLE TEST

.•·.i, , . Function and Rationale

. The Kolmogorov-Smirtiov two-sample test is a tCtlt of whether two
independent samples have been drawn from the same populnt ion (or
from populations with the same distribution). The two-tailed lest is
sensitive to any kind of difference in the distributions Irom which the two
samples were drawn-dilTerences in location (central tendency), in dis-
persion, in skewness, etc. The one-tailed test is used to decide whether
or not the values of the population from which one of the samples wns
drawn are stochastically larger than the values of the population [rom
which the other sample was drawn, e.g., to test the prediction that the
scores of an experimental group will be "better" than those of the con-
trol group.

Like the Kolmogorov-Smirnov one-sample test (pages 47 to 52), t.his
two-sample test is concerned with the agreement between two cumulutlvo

. distributions. The one-sample test is concerned with the agreement
between the distribution of a set oC sample values and some specified
theoretical distribution. The two-sample test is concerned with the
agreement between two sets of sample values,

If the two samples have in fact been drawn from the same population
distribution, then the cumulative distributions of both snrnples Hilly be
expected to be fairly close to each other, inasmuch ns they both should
show only random deviations from the population distribution. If the

1Two non parametric statistical tests which arc essentially equivalent to tIlt! Mnun-
Whitney U test have been reported in the literature and should be mcnt ioru-d here.
The first of these is due to Festingcr (10·10). lIe gives a method for CAklll/ltill~ t'xnr.t
probabilities and gives a two-tailed table for the .05 and .01 levels of significuuce for
III + III .:5 40, when III .:5 12. In addition, for III from 13 to 15, vnluca uru I(i\'('n lip
to III + III ~ 30.
The second test is due to White (I!l52), who gives a method I's~('nt inlly t lu- siuun Il8

the Malin-Whitney test except that ruther than U it employs R (the SUIll of the ranks
of one of the groups) as its statistic. White offers two-tailed tnbles for the .05, .111,

, and .001 levels of significance for III + 71,S 30.
Inaamuch as these tests are linearly related to the Mann-Whitney tcst (1111,1 there .

fore will yield the same results in the test of 110 for any given bntr-h of datu), it \\'II~

rclt that inclusion of complete discussions of them in this text would introduce 1111111:0:1'9-
aary redundancy .

,~~ ....

::i
~.

';;.:
,I:

',.

.t;~,
'i. .
k

'r( ..,;~
i.
':

'f'~' -j
';' !~

.•,.!.

j:!'



•
•. .

271APPENDIX

TABLE J. TABLE OF PROBABILITIES ASSOCIATED WITH VALUES AS SMA.LL Aa

OBSERVED VALUES OF -U IN TilE MANN-WHITI\ET TEST-

n, - 3

~I 1 2 3

0 .250 .100 .050
i .500 .200 .100
2 .750 .400 .200
3 .600 .350
4 .500
5 .650

n, - 4

-, n. I
U~I __1 2 3 4_ .~.~',

0 .200 .067 .028 .014
1 .400 .133 .057 .029
2 .600 .267 .114 .057
3 0400 .200 .100
4 .600 .314 .171
5 .429 .243

"6 .571 .343 :~:
7 .443 ..
8 .557

. -:. ....,..

n, - 6n, - 5

~
1 2 3 4 5

0 .167 .047 .018 .008 .004
1 .333 .095 .036 .016 .008
2 .500 .190 .071 .032 .016
3 .667 .286 .125 .056 .028
4 .429 .196 .095 .048
5 .571 .286 .143 .075
6 .393 .206 .111
7 .500 .278 .155
8 .607 .365 .210
9 .452 .274

10 .548 .345
11 .421
12 .500
13 .579

~
1 2 3 4 5 6

0 .143 .036 .012 .005 .002 .001
1 .286 .071 .024 .010 .004 .002
2 .428 .143 .048 .019 .009 .004
3 .571 .214 .083 .033 .015 .008
4 .321 .131 .057 .026 .013
5 .429 .190 .086 .041 .021
6 .571 .274 .129 .063 .032
7 .357 .176 .089 .047
8 .452 .238 .123 .066
9 .548 .305 .165 .090

10 .381 .214 .120
11 .457 .268 .155
12 .545 .331 .197
13 .396 .242
14 .465 .294
15 .535 .350
16 .409
17 .469
18 .531

..' ..•.....•..
~ .

..•.
. '- ..•.

- Reproduced from Mann, H. B.,and Whitney, D. R. 1947. On a testofwhether
one of two random variablesis stochasticallylargerthan the other. A.nn .• U ath,
Staiist., 18,52-54,with the kind permissionofthe authorsand the publisher.
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'!',II'I.F: J. T.\I1Lfl or I'ItOIlAIIILITIF:R ARROCIATEIl WITII VAl,tlER AR SMALL AS I TABLE J. TABLE 0 •. PnOBADIJ.lTIES ARSOCIATr:D WITII VALliER All SMALL A8
Olll<t:lI\'EI> VALUES Of' U, IN TilE MANN- WIllTNEY 'fEST· (Conlillued) OBSERVED VALUES 0 •. U IN TilE MANN-WIllTNET TEST" (CoIiJinued)

lis - 7 I ". - 8

fli

I
'" 11.

I G)(0- 1 2 3 4 5 6 7
U~i

1 2 4 5 6 7 8 t Normal
_._ .._--

0 I _125 .028 .008 .003 .001 .001 .000 0 .111 .022 .000 .002 .001 .000 .000 .000 3.308 .001,2!iU ,U5G .017 .OOG ,U03 .UOI .001 1 .222 .0<14 .012 .004 .OU2 .001 .000 •. 000 3.203 .001
2 ,:li5 ,III .033 .012 .005 .002 .001 2 .333 .089 .024 .008 .003 .001 .001 .000 3.098 .001
3 .5lJ1I .IIii .058 .021 .009 .00-1 .002 3 ..•.•4 .133 .0-12 .014 .005 .002 .001 .001 2.993 .001
-I .ti25 .250 .092 .036 .015 .007 .003 4 .556 .200 .067 .02·1 .000 .004 .002 .001 2.888 .002
!i .:1:1:1 .133 .055 .02·1 .Oll .006 5 .2G7 .091- .036 .015 .006 .003 .001 2.783 .003
6 .·1401 .192 .082 .037 .017 .009 6 .356 .139 .055 .023 .010 .005 .002 2.678 .00·1
7 .556 .258 .115 .053 .020 .013 7 .44-1 .18~ .077 .033 .015 .007 .003 2.5i3 .005
8 .333 .158 .0701 .037 .019 8 .550 .2·18 .107 .(H7 .021 .010 .005 2.468 .007
1I .417 .206 .101 .051 .027 t':' 9 .315 .141 .OG·I .030 .014 .007 2.363 .001)
10 .500 .2G4 ;134 .069 .036 10 .387 .18,1 .085 .0,11 .020 .010 2.258 .012
11 .583 .32-\ .li2 .OliO .0·19 ., 11 A(H .230 .III .05·1 .027 .014 2.153 .016
\2 .39·1 .210 .117 .064 12 .5:lI> .285 .H2 .071 .036 .011) 2.0·18 .020
1:1 ,46-1 .26!i .147 .082 13 .3-11 .177 .001 .047 .025 1.0·13 .026
II .538 .31!J .183 .10-1 14 .40·1 .217 .11-1 .OliO .032 1.838 .033
15 .:178 .223 .130 15 .<JG7 .2G2 .141 .076 .041 1.733 .011
in .·138 .267 .159 10 .533 .:UI .172 .OU5 .0&2 1.628 .052
17 .500 .31-1 .191 17 -.3(;2 .207 .116 .065 1.523 .06·\I .5G2 .3(;5 .228 18 AIG .2·15 .HO .080 I.418 .07818

.418 .207 10 - .'li2 .286 .lGS .097 1.313 .00-1III
20 .-173 .310 20 .528 .331 .11l8 .1Ii '.2lJ8 .113
21 .527 .355 21 .3;7 .232 .13U 1.102 .1:15
Z2 .402 ?2 .4211 .2G8 .!!l·1 .0!18 .150
23 .451 23 .·175 .3UI; .101 .8!l3 .185
21 .500 2·1 ..525 .3-17 .221 .788 .215
25 .649 25 .:l89 .2.53 .683 .247

20 .433 .287 .578 .282
:-It.-l'rlllllIl·cll Irom Manu, 11.n., anti Whitney, D. n. 19-17. On a test of whether 27 .4i8 .323 .4i3 .318
.. "I tw» I'IIII.Jum vurinhh-s is atochustically lnrgr-r thnn the other. A 1111.J\lClth. 28 .522 .3GO .3(i8 .350'1Ija/.,18, 52-5-1,with the kind permission of the authors and the publisher. 20 .390 .263 .306

30 .430 .)[;8 .437
31 .480 .052 .481

)I 32 .620
• Reproduced (rom Mann, H. B., and Whitney, D. R, 19-17. On a test of whether

ODe of two random vnrlnhles is atochnstically lnrger thun lhe other. Ann. ilIClth.
I I BtClti3t., 18, 52-5'1,with tho kind permiseion of tho authors and tho publisher.
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TABU! K. TABUl or CRITICAL V~LUEB or U IN TJlJ!I MANNsWIIITNET TESTo "~~;:~:':i

I'nble K,. CriticalValues ol U fora One-tailedTest at a - .001odor a Two-tailed : r~:, .
Test'at a - .002 ;{:.~i~·. Table KII. CriticalValues ol U lora One-tailedTeet at a ••.01 or fora Two-railed

.'.y' . Test nt a - .02
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9 10 11 12 13 14 16 16 17 18 19 20
I~ _.

, 1 ,
2

'. 3 0 0 0 0
, 4 0 0 0 1 1 1 2 2 3 3 3

6 1 1 2 2 3 3 4' 6 li 6 7 7
6 2 3 4 4 6' 6 7 8 9 10 11 12

. 7 3 s 6 7 8 9 10 11 13 14 15 16
8 5 Ii 8 9 11 12 14 15 17 18 20 21
\) 7 8 10 12 14 16 17 10 21 23 25 20

10 8 10 1~ 17 19 21 23 25 27 29 32
11 10- 12 15 17 20 22 24 27 29 ~2 3·. 37
12 12 14. ...17 20 23 25 28 31 34 37 40 42
13 14 17 20 23 26 29 32 35 38 42 45 48
14 lli HI 22 25 29 32 36 39 43 46 50 li~
15 17 ' 21 24 28 32 36 40 43 47 51 65 50

,16 .19 . 23 27 31 35 39 43 48 52 56 60 " 65
17 21 25 29 3·' 38 43 47 52 57 61 66 70
18 23 27 32 37 42 46 51 56 61 66 71 76
II) 26' 20 34 40 46 50 55 60 66 71 77 82
20 26 32 37 42 48 54 59 65 70 76 ' 82 88

• Adapted and abridged from Tables 1,3, 5,nnd 7 ol Auble, D. 11)53. Extended
tnbles lor the Mann-Whitney statistic.Bulletin of Ihe Institute of Educati(mrJ
Researcb: at Indiana Uniper,itll, I, No.2, with the kind permissionof the author and
the publisher. .
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TABLE K, TAJILE OF CRITICAl, V,AI.UES OF U IN TilE MANN-WIIITNEY
TEST· (Continued)

9 10 11 12 13 14 15 16 17 18 19 20,~
"
1
2 0 0 0 0 0 0 1 1

l 3 1 1 1 2 2 2 3 3 4 .\ •• s
, ·1 3 3 4 5 5 6 7 . 7 i 8 9 0 )()

'5 5 6 7 8 9 10 11 12 13 14 15 Iii
'6 7 8 I) 11 tij 1:1 15 16 18 1!l 20 22
7 \) 11 1~ 14 16 17 19 21 2:1 2\ 26 28
8- 11. 13 15 17 20 22 2·\ 26 28 30 32 3\
9 14 16 18 21 23 26 28 31 3:1 36 38 ·10
~~ -!-~9--2~ 27 30 33 36 38 ·11 H ·17
11 18 22 25 28 31 3·1 37 41 .J.I 47 50 5:1
;t2 21 ~!_2~_([!J' 35 38 42 46 .J!) 5:1 56 (jO

13 23 27 31 35 3!l 43 47 51 55 5n 63 67
14 26 30 34 38 43 47 51 50 60 65 6n i:I
15 28 33 37 42 47 51 56 61 66 7() 75 80
16 31 36 41 46 51 56 61 66 71 76 82 87
17 33 38 44 49 55 60 66 71 77 82 8S !l:1
18 36 41 47 63 5!l 65 70 76 82 88 91 100
19 38 44 50 50 63 69 75 82 88 n·\ 101 107
20 40 47 63 60 67 73 80 87 !l3 100 107 II.\

, • Adapted and nbridged from Tuhlcs I,3, 5,nnrl 7 of Auble, D. 1953. Exlclllied
.tables lor the Mnnn- Whitney stntistic.Bulletin. of the I nstitute OJ Edncationa!
Re,eari:h at Indiana Univer,ity, I, No.2, with the kind permissionof the author nnd

,the publisher.



n.
11 12 13 14 16 16 . 17 18 H} 20

10
nl

2
7.

2
8
13
20
27
3-1
41
48
05
62
09

. 70
8J
00
98
105
112
119
127

/

12
13
14
15
16
17
18
III
20

9

I) 001
233 -4
4 6 6 7
7. 8 0 11
10 II 13 14
12 1-1 16 18
Iii / 17 19 22

. 17 20' 23. 26
~Q~{L~iil
23 26 30 33
20 29 33 37
28 33 37 41
31 30 40 45
3-1 30 44 40
31 42 47 63
39 45 51 61
42 48 55 01
45 52 58 05
48 55 02 09

1 1
4 6
8 D
12 13
10 17
20 22
24 20
28 31
33 30
37 40
41 45
45 50
60 li5
54 611
69 0·'
03 01
01 74
72 78
7U, 83

1
6

10
14
10
2·'
20
34
39
H
40
5·'
liO
6·1
70
75
80
85
00

1
6
11
16
21
26
31
37
·12
47
1i3
51l
04
70 .
75
81
86
02
08

2
6
11
17
22
28
34
30
46
51
61
63
07
75
81
81
{)a
{)9
106

2
7
12
18 .
2·'
30
30
4r
"8
55
61
67
74
80
86
113
09
106
112

13
III
25
32
38
45
62
68
65

·72
78
85
02
Ill}
106
113
HI}

:.,",

,:'.

.'
".

0

-. :,

... , ....
l~' I
I'"r'I

· ...t'.

....

, .,:

,:.'::
.. ~", .

: '. ~I

'.'

~:'. :
. ,
",'"

....

~ nl

11. "'"

I} 10 11 12 \!I 2()

1
2
3
4

6
Il

13 14 15 16 17 18

·21
6
8

1
4
7

1
3
6

,,6
6
7
8
9

JQ
11
12
13
14
16
16
11
18

\} 11 12 13 15
12 14 10 17 HI
15 17 10 21 2·'
]8 20 23 20 28
21 24 i7 30 33
24 27 31 rill 31

~~38 42
30 34 38 42
33 37 42 41
36 41 40 61
31l 44 50 55
42 48 54 00
45 51 61 64
48 55 01 08
61 58 65 72
64 62 61} 71

19
20

2
6
10

47
61
56
61
05
70
75
80
8·1

2
7
11
\6
21
26
31
30
-11
46
51'
511
61
60
11
11
82
87
92

3
7
12
18
23
28
33
39
4-1
50
55
61
110
72
77
83
88
IIIIon

3
8
H

3 4
0 o
15 III
211 22
21i 28
33 35
31l .jJ
45 ·\8
51 55
57 6\

118
75
82
88
!15
102
]{I9
]16
12:1

o
.\

o
·1'

10
25
30
30
42
,18
5·1
00
05
71
77
83
80

iii
70
77
83
·8n
!Ill

){)2

10
17
2:1

1\
III

!l5
101
101

to!}
115

30
37

2;'
3:1:m

·1·' ·Ii
5151

58
05
72

(,2
(HI
77

80
81

8·\

01
112

100
101 Illi

11510!)
I Hi 12:1

1:\0
1:111

123
131l

• Adapted and abridged from Tnhlcs1,3.5.and 7 ofAuhle,D. Ill53.Extclllf.·.1
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ATTACHMENT 2
GROUNDWATER QUALITY DATA FOR RCRA

MONITORING WELLS AT LANDFARMS II AND III



TABLE 1. SlItVIRY OF GROLtUlWATER G~LITY DATA FOR ~DFARtt II - MII-BTORING WELLS NSF

FACILITY HESS OIL VIRGIN IS~DS CORP. (HOVIC)
LOCATION ST. CROIX, U.S. VIRGIN IS~DS
EPA RCRA 1.0. 8 VIO 980536080

RCRA FACILITY ~DFARtt II

DATE

(3)
NSF-l
pH

(s.u.)

(4)

NSF-2
pH

(s.u, )

(5)
NSF-3
pH

(s.u.)

(6)

NSF-4
pH

(s.u.>

(7)
NSF-l

C(}lDUCTIVr
(UIlhos/cll--------------------------------------------------------------------------------------

12-Apr-82 7.475 7.45 7.35 7.575 22,
17-Hay-82 7.5 7.35 7.425 7.575 18,02-Aug-82 7.625 7.6 7.55 7.5 20,
08-Nov-82 7.575 7.575 7.425 7.425 33,

.v-. -~•• " \' • <;:. .:...: .' 12-Apr-83 7.5 7.3 7.2 7.475 28,',' ••. ,'~ •• r '

.. 02-Jun-83 7.475 7.325 7.225 7.4 29,~. - - . .. . '. 27-Sep-83 7.2 7.05 7.05 7.2 19,:
30-Nov-83 7.285 7.22 7.25 7.4 not tes

;,~,",. .~ v-s; <.:;~..,:.:":':' -;. ~... .- '6'''· :.::' ~.~:~. ';
06-Har-84 7.2875 7.365 7.3375 7.245 30,.... 12-Apr-84 7.575 7.2025 7.31 7.56 29,

~ :':~:'>:.:'::~'~.": '. '.' - .' . '. 03-Jun-84 7.405 7.175 7.4925 7.395 29,'--:.-'-:: .. . . :.. . ".'.' 20-Aug-84 7.4525 7.2975 7.0575 6.95 25,28-Nov-84 7.5325 7.47 7.65 7.4875 21,..
.. ...:;~.~~:':.f~:!:.~.. r-:; .~ ..:.~ -'-:':':','-' .. ;.- . '. ',',- 20-Har-85 7.2025 6.9625 6.9975 7.0825 21,'.

01-Jul-85 7.5025 7.03 7.3375 7.37 23,

: .

'-



(8) (9) (10) (11) (12) (13) (14)
NSF-2 NSF-3 NSF-4 NSF-1 NSF-2 NSF-3 NSF-4~DUCTIVITY e~DUCTIVITY e~DUCTIVITY Toe Toe Toe Toe

(ullhos/ C/I) (ullhoslclI) (UllhoslC/l) (lig/J) (lig/l ) (llg/l ) (mg/l )
'------------------------------------------------------------------------------------------------------------

22,750 23,250 23,000 45 60 33.75 33.75
20,000 22,000 21,000 40 37.5 20 {20
21,500 22,500 22,500 25.75 39 33.25 25
40,000 46,500 37,000 54.75 74 37.5 55.25
45,250 49,500 54,250 7.75 21.5 17.5 4.75
45,500 48,000 . 51,250 {20 20 (20 {20
25,250 13,750 12,500 . {2O 51.75 (20 {2O

not tested not tested not tested not tested not tested not tested not tested
41,500 44,500 48,000 {20 55 22 20
38,750 44,750 47,500 suspect data not tested not tested not tested
42,250 44,000 53,000 {2O 83 53 35
34,250 51,250 50,250 {20 84.75 {20 {2O
39,750 39,750 46,750 {1O 39 17.25 {2O
48,750 44,000 47,750 26.5 40.75 16.25 <10. 43,250 42,500 49,250 11.25 51;5 14.5 {10



r,

. <. . r- -r- '.". -' .. ~.: ':"; ",

" <: •.

TABLE 1. SlItIARY OF GROLNIXtlATERa~LITY DATA FOR IJI-lDFARtIII - HI}HTORING WELLS NSF

FACILITY HESS OIL VIRGIN ISIJI-lDSCORP. (HOVIC)
LOCATION ST. CROIX, U.S. VIRGIN ISIJI-lDS
EPA RCRA 1.0. I VID 980536080

RCRA FACILITY IJI-lDFARtIII

..
I.

(1) (15) (16) (17) (18) (19)
NSF-l NSF-2 NSF-3 NSF-4 NSF-l

DATE TOX TOX TOX TOX Pb
(mg/l Cl) (lig/l Cl) (rag/I en (mg/l c» (/Bg/l:

-------------------------------------------------------------------------------------
12-Apr-82 0.2025 0.335 0.545 0.38
17-Hay-82 0.2225 0.815 0.64 0.535
02-Aug-82 0.655 0.545 0.49 0.675
08-Noll-82 0.8475 0.7125 0.8575 0.835
12-Apr-83 2.71975 0.8885 4.19275 1.1695
02-Jun-83 0.35 1.015 0.6025 0.6525
27-Sep-83 0.2675 0.92 0.4625 0.3525
30-NolI-B3 not tested 1.2475 not tested not tested
06-Har-84 0.19 0.5875 0.3425 0.21
12-Apr-84 not tested not tested not tested not tested suspect
03-Jun-84 0.435 1.4 0.755 0.28
20-Aug-84 0.435 0.335 0.2175 0.46
2B-NolI-B4 0.305 . 0.4475 0.265 0.19
20-Har-85 {0.05 0.lB5 0.295 0.575
01-Jul-85 0.0775 0.315 0.2B5 0.33



(20) (21) (22) (23) (24) (25) (26)NSF-2 NSF-3 NSF-4 NSF-l NSF-2 NSF-3 NSF-4Pb Pb Pb Cr Cr Cr .Cr(Jlg/J) (JIg/I> (llg/J) (llg/J) (mg/J) (raglJ) (mg/I)---------------------------------------------------------------------------------------------------------{0.02 {0.02 {0.02 {O.Os {O.OS {O.Os {O.Os{O.OS {D.D5 {D.Ds {D.05 {D.OS {O.Os {D.Os{0.D5 {O.OS {O.OS {O.OS {O.OS {O.Os {O.DS{D.OS {O.OS {O.OS {O.OS <O.OS {D.OS {O.OS{0.01 {0.01 {0.01 {O.OlS {O.OlS {O.OlS {O.OlS{0.02 {0.02 {0.02 {O.Os {0.05 {O.OS {D.OS{0.02 {0.02 {0.02 {O.DS {D.OS {D.DS {O.OS{0.D2 <0.02 {0.D2 {D.DS <D.OS {D.Ds {O.OS{0.02 {0.02 {0.02 {D.DOS <0.005 {D.DDS {0.OD5suspect data suspect data suspect data suspect data suspect data suspect data suspect data{D.02 {0.02 {0.02 {O.OOS {0.005 {O.OOS {O.OOS0.02 0.02 0.02 {O.OOS {O.OOs {O.OOS {D.OOS{0.01 {0.01 {0.01 <0.01 {0.01 {0.01 {0.01{0.01 {0.01 {0.01 {0.01 {0.01 {O.Dl <0.01{D.Dl {D.Dl {D.Ol {D.Dl {D.Ol {0.01 <0.01
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TABLE 2. SI.ttV!RYOF WATER GU!lLHY DATA FOR ~DFARH III - /iIJlHORING WELLS SSF

FACILITY : HESS OIL VIRGIN IS~DS CORP. (HOVIC)
LOCATIIJl : ST. CROIX, U.S. VIRGIN IS~DS
EPA RCRA 1.0. I : VID 9S05360S0

RCRA FACILITY : ~DFARH III

DATE

(3)

SSF-l
pH

(s.u.)

(7)
SSF-l

CIJlDUCTIVJ
(urahoslcr

(4)

SSF-2
pH

(s.u.)

(5)
SSF-3
pH

(s.u.)

(6)

SSF-4
pH

(s.u.)

.~

12-Apr-82 7.55 7.45 7.55 7.175 2:
17-ttay-82 7.5 7.375 7.525 7.375 21
02-Aug-S2 7.425 7.4 7.525 7.425 2:
08-Noy-S2 7.45 7.35 7.575 7.475 4:
12-Apr-83 7.3 7.35 7.5 7.3 4:
02-Jun-S3 7.375 7.425 7.55 7.3 4:
27-Sep-83 7.15 7.175 7.4 . 7.1 2c
30-Noy-83 7.34 7.21 not tested 7.2175 not testl
06-ttar-84 7.125 7.3425 7.3725 7.4275 41
12-Apr-84 7.7925 7.7925 not tested not tested 4·
03-Jun-84 7.3625 7.5 7.4625 7.4125 51
20-Aug-S4 6.9775 7.225 7.1575 6.95 51
28-Noy-84 7.4325 7.535 7.5475 7.4725 41
20-ttar-85 6.S725 7.005 7.015 6.S85 4:
01-Jul-85 7.0775 7.2 7.3375 7.1275 4:



(8) (9) (10) (11> (12) (13) (14)
SSF-2 SSF-3 SSF-4 SSF-l SSF-2 SSF-3 SSF-4CCNDUCTIVITY C~DUCTIVITY . CCNDUCTIVITY TOC TOC TOC TOC

(Ul1IhOs/CII) (ullhos/ (II) (Ul1IhOS/CII) (lIglJ) (lIglJ) (llg/J) (IIg1J)-------------------------------------------------------------------------------------------------------------
23500 24250 23250 26.25 3D 28.75 3520750 18750 19500 20 20 {20 26.2522000 . 20750 21750 27 21.5 20 23.544000 34750 51500 45 57 34 52.543750 33750 40750 {I {I {I 10.2540500 33500 40000 {20 {20 {20 {2024750 47000 26000 {20 {20 {20 {20

not tested 23250 not tested not tested not tested not tested not tested40500 40750 47500 {20 {20 {20 {2040500 38250 42500 not tested not tested not tested not tested43750 39000 44750 28.25 {20 {20 {2043750 41250 30750 {20 {20 {20 {2042000 33250 37750 {10 {10 {IO <to42500 36500 44000 {IO {10 {IO <1042000 35500 43000 {10 {to {to {10



TABLE 2. SI.tfIARYOF WATER a~LITY DATA FOR lttlDFARH III - M~ITORING WELLS SSF

FACILITY : HESS OIL VIRGIN ISlttlOS CORP. (HOVIC)
LOCATI~ : ST. CROIX, U.S. VIRGIN ISlttlOS
EPA RCRA I.D. 8 : VID 9S05360S0

RCRA FACILITY : lttlOFARH III

DATE

(15)
.SSF-l

TOX
. (lig/l Cl)

(16)
SSF-2
TOX

(1Dg/1 Cl)

(17)
SSF-3
TOX

(llg/l Cl)

(18)
SSF-4
TOX

(llg/l en

(19)
SSF-l
Pb

(lig/l)

12-Apr-S2 0.5525 0.325 0.505 0.3675 {O
17-May-82 0.48 0.32 0.4075 0.6025 {O,
02-Aug-82 1.2675 0.6325 0.715 1.055 {O
OS-NolJ-S2 0.7025 0.46 0.5 0.3625 {O,

... . . -:-, :.; 12-Apr-S3 0.S42 3.43025 1.62425 1.2855 {O
02-Jun-S3 0.6425 0.6325 0.715 0.56 {O. ".. - 27-Sep-S3 0.275 0.2875 0.24 0.2475 {O
30-NolJ-S3 not tested not tested not tested not tested (0.. 06-Mar-84 o .1S 0.27 0.1725 0.1575 (0: 'J .,' .

,',- 12-Apr-S4 not tested not tested not tested not tested suspect da:
03-Jun-84 0.19 0.37 0.4225 0.35 0. - ... . ' ' .. 20-Aug-S4 {0.20 (0.20 {0.20 {0.20 0... :',' "

2S-NolJ-S4 0.2925 o .lS75 0.225 0.1525 {O.. :. t'<'~':-,'~"'--'....~.:.~::..:','..r- ..•• :-.....:> ..,,' . , . _ ...:~J . ",:', ',", I 20-Mar-S5 0.0725 O.OS 0.1175 0.2025 {O
01-Jul-85 0.22 0.1975 0.1225 0.205 {O

:...~.



(20) (21) (22) (23) (24) (25) (26)55F-2 55F-3 5SF-4 SSF-l SSF-2 SSF-3 SSF-4Pb Pb Pb Cr Cr Cr Cr(JIg/I) (rag/I) (lig/I) (lig/I) (llg/I) (mg/I) . (llg/I)-------------------------------------------------------------------------------------------------------{0.04 {0.04 {0.04 {0.05 {0.05 {0.05 {0.05{0.05 {0.05 {0.05 {0.05 {0.05 {0.05 {0.05{0.05 {0.05 {0.05 {0.05 {0.05 {0.05 {0.05{0.05 {0.05 {0.05 {0.05 {0.05 {0.05 {0.05{0.01 {0.01 {0.01 {0.015 {0.015 {0.015 {O.OlS{0.02 {0.02 {0.02 {0.05 {0.05 {0.05 {0.05{0.02 {0.02 {0.02 {0.05 {0.05 {0.05 {0.05{0.02 {0.02 {0.02 {0.05 {0.05 {0.05 {0.05{0.02 {0.02 {0.02 {0.005 0.016 0.022 {0.005spect data suspect data suspect data suspect data suspect data suspect data suspect data{0.02 {0.02 {0.02 {0.005 {0.005 {0.005 {0.0050.02 0.02 0.02 {0.005 {0.005 {0.005 {0.005{0.01 {0.01 {0.01 {0.01 {0.01 {0.01 {0.01{0.01 {0.01 {0.01 {0.01 {0.01 {0.01 {0.01{0.01 {0.01 {0.01 {0.01 {0.01 {0.01 {0.01
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TABLE 3. GROUNDWATER QUALITY DATA FOR LANDFARN II - MONITORING WELLS NSF

. !

FACILITY
LOCATION
EM RCRA I.D. It

: HESS OIL VIRGIN ISLANDS CORP. (HOVIC)
: ST. CROIX, U.S. VIRGIN ISLANDS
: VID 9B0536080

RCRA FACILITY : LANDFARN II

(1)

DATE LABORATORY

12-Apr-82 HOVIC, ~RE

17-May-82 HOVIC, ~RE

02-Aug-82 HOVIC, AWARE

OB-Nol}-82 HOVIC, AWARE

12-Apr-83 HOVIC, AHC, ETC

02-Jun-83 HOVIC, ~RE

27-Sep-83 HOVIC, ~RE

30-Nol}-83 HOVIC, ~RE,
ETC

(3)
NSF-l
pH

(s.u.)

(4)

NSF-2
pH

(s.u.)

(5)

NSF-3
pH

(s.u.)

7.4 7.4 7.3
7.5 7.5 7.3
7.5 7.5 7.4
7.5 7.4 7.4
7.-5 7.4 7.4
7.5 7.3 7.5
7.5 7.4 7.4
7.5 7.3 7.4
7.6 7.7 7.7
7.5 7.5 7.4
7.7 7.6 7.6
7.7 7.6 7.5
7.6 7.6 7.4
7.4 7.6 7.4
7.5 7.4 7.6
7.8 7.7 7.3
7.5 7.3 7.2
7.5 7.3 7.2
7.5 7.3 7.2
7.5 7.3 7.2
7.4 7.3 7.3
7.5 7.4 7.2
7.5 7.3 7.2
7.5 7.3 7.2
7.2 7.0 7.0
7.2 7.0 7.1
7.2 7.1 7.0
7.2 7.1 7.1

7.26 7.21 7.22
7.27 7.22 7.23
7.30 7.22 7.27
7.31 7.23 7.28



(7) (8) (9) (10) (11) (12) (13) (14)NSF-l NSF-2 NSF-3 NSF-4 NSF-l NSF-2 NSF-3 NSF-4CIt4DUCTIVITY C~DUCTIVITY Crt4DUCTIVITY CIt4DUCTIVITY TOC TOC TOC , TOC(ulihos/clI) (ullhos!CII) (Ullhos! C/I) (ullhos!C/I) (JIg/I) (1lg/1) (JIg/I) (Jig/I)._---------------------------------------------------------------------------------------------------------------------------7.6 23,000 24,000 24,000 23,000 40 60 30 357.6 21,000 22,000 24,000 24,000 50 65 30 357.5 21,000 23,000 22,000 23,000 45 60 35 307.6 23,000 22,000 23,000 22,000 45 55 40 35
7.6 18,000 20,000 21,000 20,000 40 40 20 <20-7.6 19,000 20,000 22,000 21,000 40 40 20 <207.6 - 18,000 20,000 23,000 20,000 40 40 20 <207.5 19,000 20,000 22,000 23,000 40 30 20 <20
7.5 20,000 22,000 23,000 22,000 23 38 25 25~.4 22,000 22,000 23,000 23,000 25 40 33 257.6 20,000 20,000 22,000 23,000 25 38 40 25'.5 21,000 22,000 22,000 22,000 30 40 35 25
~.4 32,000 40,000 45,000 37,000 60 78 40 55'.4 34,000 40,000 47,000 37,000 53 78 40 53'.6 34,000 40,000 47,000 37,000 53 70 35 60'.3 35,000 40,000 47,000 37,000 53 70 35 53
'.5 28,000 44,000 48,000 54,000 9 22 17 3.4 28,000 46,000 50,000 55,000 7 20 17 4'.5 29,000 46,000 - 50,000 54,000 6 22 17 6.5 29,000 45,000 50,000 54,000 9 22 19 6
.5 30,000 44,000 47,000 50,000 {20 20 {20 {20.4 28,000 45,000 47,000 51,000 {20 20 {20 {20.3 29,000 46,000 49,000 52,000 (20 20 (2O {20.4 29,000 47,000 49,000 52,000 {20 20 20 (2O
.2 20,000 26,000 14,000 12,000 {20 45 {20 {20.2 21,000 28,000 13,000 12,000 {20 60 {2O {20.2 18,000 24,000 14,000 13,000 {2O 53 20 (2O,2 18,000 23,000 14,000 13,000 {20 49 20 (20
17 not tested not tested not tested not tested not tes fed not tested not tested not tested18
12
:3
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TABLE 3. GROLNDWATER Q~LITY DATA FOR ~DFA"" II - I1~ITORING WELLS NSF

FACILITY
LOCATI~
EPA RCRA 1.0. I

: HESS OIL VIRGIN IS~DS CORP. (HOVIC)
: ST. CROIX, U.S. VIRGIN ISLANDS
: VID 980536080

RCRA FACILITY : ~DFARtt II

DATE LABORATORY

06-Har-84 HOVIC, AWARE

12-Apr-84 HOVIC, OTHERS

03-Jun-84 HOVIC, AWARE

20-Aug-84 HOVIC, AWARE,
IT ~LYTICAL

28-Nov-S4 HOVIC, AHC,
AWARE

20-Har-B5 HOVIC, AHC,
AWARE

01-Jul-85 HOVIC, AHC,
AWARE

(3)
NSF-1
pH

(s.u.)

(4)

NSF-2
pH

(s.u.)

(5)

NSF-3
pH

(s.u.)

7.22 7.32 7.29
7.31 7.39 7.35
7.32 7.40 7.36
7.30 7.35 7.35
7.58 7.21 7.31
7.59 "7.21 7.30
7.57 7.20 7.31
7.56 7.19 7.32
7.32 7.15 7.45
7.36 7.15 7.50
7.45 7.20 7.50
7.49 7.20 7.52
7.50 7.2B 7.14
7.51 7.24 7.15
7.39 7.33 6.96
7.41 7.34 6.98
7.31 7.45 7.46
7.66 7.49 7.76
7.60 7.45 7.70
7.56 7.49 7.68
7.21 6.92 6.94
7.20 6.96 7.00
7.20 6.98 7.02
7.20 6.99 7.03
7.63 7.07 7.17
7.48 7.04 7.17
7.41 7.00 7.4B
7.49 7.01 7.53



(7) (8) (9) . (1O) (11) (12) (13) (14)NSF-l NSF-2 NSF-3 NSF-4 NSF-l NSF-2 NSF-3 NSF-4CIJiOUCTIVITY CIJiOUCTIVITY CIJiOUCTIVITY CIJiOUCTIVITY TOC TOC TOC TOC(UJlhosiclI) (wahos/m) (ullhos/ em) (UJlhos/clI) (lig/J) (lig/J) (mg/J) (llg/J)._---------------------------------------------------------------------------------------------------------------------------------7.22 30,000 41,000 45,000 48,000 {2O 56 20 207.24 30,000 42,000 44,000 48,000 {2O 56 24 207.25 30,000 41,000 45,000 48,000 {2O 54 24 207.27 30,000 42,000 44,000 48,000 {2O 54 20 207.58 28,000 37,000 44,000 46,000 suspect data not tested not tested not tested?.52 30,000 39,000 46,000 49,0007.59 31,000 40,000 45,000 48,000'.55 29,000 39,000 44,000 47,000
'.38 31,000 40,000 42,000 54,000 {2O 83 53 35'.40 31,000 40,000 42,000 53,000 {2O 83 53 35'.40 28,000 45,000 46,000 52,000 {20 83 53 35'.40 29,000 44,000 46,000 53,000 {20 83 53 35.96 27,000 34,000 55,000 52,000 {20 86 {20 {20.97 28,000 33,000 56,000 52,000 {20 85 {20 {20.93 23,000 36,000 48,000 49,000 {2O 84 {20 {20.94 25,000 34,000 46,000 48,000 {2O 84 {20 <20.50 21,000 40,000 39,000 48,000 10 40 20 {20.38 23,000 41,000 42,000 46,000 {1O 38 13 {2O.52 22,000 40,000 40,000 47,000 {1O 39 18 {2O,55 21,000 38,000 38,000 46,000 {1O 39 18 {20,07 21,000 49,000 43,000 45,000 33 43 18 {1O07 21,000 50,000 44,000 49,000 26 45 16 {1O09 22,000 48,000 45,000 49,000 24 36 16 {1O10 22,000 48,000 44,000 48,000 23 39 15 {1039 24,000 44,000 42,000 49,000 13 48 14 {1042 23,000 43,000 43,000 50,000 10 50 14 <1033 23,000 43,GOO 43,000 49,000 12 50 16 {1O34 23,000 43,000 42,000 49,000 10 58 14 {1O
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TABLE 3. SROLtiDWATER DlVILIlY DATA FOR LANOFARH II - NIJHTORING WELLS NSF

FACILIlY
LOrATI~
EPA RCRA 1.0. I

: HESS OIL VIRGIN ISLANDS CORP. (HOVIC)
: ST. CROIX, U.S. VIRGIN ISLANDS
: VID 980536D8D

RCRA FACILIlY : LANDFARH II

(1) (

N
DATE

OS)
NSF-l
TOX

(lIgl1 C1)

(6)
NSF-2
TOX

(lIgl1 C1)

(7)

NSF-3
TOX

(lIgl1 C1)

12-Apr-82 0.2D D.24 D.64
D .17 D.37 0.51
0.24 D.28 D.46
D.20 D.45 D.57

D.17 D.49 D.23
D.26 D.86 0.64
0.17 0.93 0.69
D.29 0.98 1.DO

D.52 0.55 D.51
D.79 0.54 0.51
D.79 0.52 0.44
0.52 0.57 0.50

0.82 0.69 0.83
0.82 0.75 D.80
0.89 0.71 0.77
0.86 D.7 1.03

2.640 0.788 4.068
2.829 0.923 4.294
2.784 0.952 4.186
2.626 0.891 4.223

0.35 1.00 0.59
0.38 1.03 0.60
0.31 1.00 0.59
0.36 1.03 0.63
0.28 0.88 0.54
0.25 0.94 D.40
0.28 0.95 0.46
0.26 0.91 0.45

17-Hay-82

02-Aug-82

08-Noll-82

12-Apr-83

02-Jun-83

27-Sep-83

30-Noll-83 not tested 1.24D not tested
1.240
1.260
1.250

(8)

NSF-4
TOX

(lIgl1 C1) . (II

D.34
0.45
0.30
0.43

0.30
0.63
0.84
0.37

0.57
D.66
0.71
D.76

0.85
0.72
0.95
0.82

1.149
1.172
1.2D1
1.156
0.68
0.55
0.80
0.58
0.29
0.36
0.36
0.40

not tested



(20) (21) (22) (23) (24)· (25) (26)NSF-2 NSF-3 NSF-4 NSF-1 NSF-2 NSF-3 NSF-4Pb Pb Pb Cr Cr Cr Cr(IIg1J) ("glJ) (lIglJ) ("gI]) (lIglJ) (IIg1J) (IIg1J)-------------------------------------------------------------------------------------------------------------.02 {0.02 {0.02 {0.02 {O.OS {O.OS {0.05 {O.OS

.05 {0.05 {O.OS {O.OS {O.OS {O.OS {O.OS (0.05

05 {O.OS {O.OS . {O.OS {O.OS {O.OS {O.OS {0.05

05 {0.05 {O.OS {0.05 {O.OS {O.OS {O.OS {O.OS

:0 {10 {10 {10 {1S <15 {1S {IS

2 (0.02 . {0.02 {0.02 (0.05 (0.05 {0.05 {0.05

{0.02 {0.02 (0.02 {O.OS {O.OS {O.OS {O.OS

{0.02 {0.02 {0.02 {O.OS {O.OS {O.OS {O.OS



TABLE 3. GROltlDWATER 9~LITY MTA FOR LANDFARH II - MIl4ITORING WELLS NSF

FACILITY
LOCATI~
EPA RCRA I.D. I

RCRA FACILITY

: HESS OIL VIRGIN ISLANDS CORP. (HOVIC)
: ST. CROIX, U.S. VIRGIN ISLANDS
: VID 980536080

: LANDFARH II

(1) (15) (16) (17) <1B)
NSF-l NSF-2 NSF-3 NSF-4

MTE TOX TOX TOX TOX
(mg/l Cl) (mg/l CD (mg/l Cl) (mg/l Cl) (I

------------------------------------------------------------------------------------_.
06-Nar-84 0.18 0.59 0.33 0.23

0.19 0.59 0.35 0.22
0.19 0.59 0.32 0.21
0.20 0.58 0.37 0.18

., 12-Apr-84 not tasted not tested not tested not tested susp.

. . '.,

........: .; -';."';"".: .". ..,. -',

-. -,,: ,', ." -,'

.', ..
,', "':'

" "

- ".-.' '#"',

03-Jun-84

:1. .~',:" ::,'~\-_::.~ -: " ... ,,\.' .~",'. ": .~.:~.;......:~ ...
. .a ',.'

20-Aug-84

28-Nov-84

20-Har-85

01-Jul-85

0.44 1.39 0.85 0.35
0.41 1.42 0.64 0.28
0.47 1.42 0.79 0.22
0.42 1.37 0.74 0.27
0.49 0.28 0.24 0.56
0.41 0.36 0.20 0.37
0.43 ' 0.35 0.25 0.39
0.41 0.35 0.18 0.52
0.27 0.40 0.26 0.18
0.28 0.48 0.27 0.18
0.37 0.46 0.26 0.19
0.30 0.45 0.27 0.21
<0.05 0.18 0.31 0.66
{0.05 0.17 0.31 0.63
{0.05 0.13 0.29 0.55
{O.OS 0.26 0.27 0.46
0.07 0.30 0.28 0.51
0.08 0.23 0.27 0.28
0.08 0.35 0.34 0.26
0.08 0.38 0.25 0.27



(20) (21) (22) (23) (24) (25) (26)NSF-2 NSF-3 NSF-4 NSF-t NSF-2 NSF-3 NSF-4Pb Pb Pb Cr . Cr Cr Cr(1ig/1) (1ig/1) (mg/l) (1ig/1) (1ig/1) (1llg/1) (1ig/1)._------------------------------------------------------------------------------------------------------------1.02 {0.02 {0.02 {0.02 {'005 . {'005 {.005 0.016

ta suspect data . suspect data suspect data suspect data suspect data suspect data suspect data

<'02 {'02 {'02 {.D05 {'005 {'005 {'005

Ot 0.02 0.02 0.02 {'005 {'005 {'005 {'005

12 {O.Ot {O.Ot {O.Ot {O.Ot {O.Ot <O.Ot <O.Ot

(O.Ot {0.01 {O.Ot (O.Ot {0.01 (0.01 (0.01

(O.Ot {0.01 {a .Ot {O.Ot (O.Ot (O.Ot· (O.Ot
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TABLE 4. WATER QUALITY DATA FOR LANDFARH III - MONITORING WELLS SSF

FACILITY
LOCATION
EPA RCRA 1.D. »

: HESS OIL VIRGIN ISLANDS CORP. (HOVIC)
: ST. CROIX, U.S. VIRGIN ISLANDS
: VID 9805360BO

RCRA FACILITY : LANDFARH III

DATE LABORATORY

12-f1pr-82 HOVIC, ~RE

17-Hay-82 HOVIC, it¥lRE

02-f1ug-82 HOVIC, ~RE

08-Noy-82 HOVIC, it¥lRE

12-f1pr-83HOVIC, AHC, ETC

02-Jun-B3 HOVIC, AWARE

27-Sep-83 HOVIC, AWARE

30-Nov-B3 'HOVIC, ~RE,
ETC

(3)
SSF-l
pH

(s.u.)

(4)
SSF-2
pH

(s.u.)

(5)
SSF-3
pH

(s.u.)

S
I

(s

7.5 7.4 7.5
7.6 7.5 7.6
7.5 7.4 7.5
7.6 7.5 7.6

7.5 7.3 7.5
7.5 7.4 ·7.6
7.5 7.3 7.5
7.5 7.5 7.5

7.4 7.4 7.6
7.4 7.4 7.5
7.5 7.4 7.5
7.4 7.4 7.5

7.5 7.5 7.6
7.3 7.4 7.6
7.4 7.3 7.4
7.6 7.2 7.7

7.3 7.3 7.5
7.3 7.3 7.5
7.3 7.4 7.5
7.3 7.4 7.5

7.5 7.4 7.5
7.4 7.5 7.6
7.3 7.4 7.6
7.3 7.4 7.5

7.1 7.1 7.4
7.1 7.2 7.4
7.2 7.2 7.4
7.2 7.2 7.4

7.32 7.2 not tested
7.33 7.21
7.35 7.21
7.36 7.22



(7) (8) (9) (10) (11) (12) (13) (14)SSF-1 SSF-2 SSF-3 SSF-4 SSF-1 SSF-2 SSF-3 SSF-4CIJ4DUCTIVITY C~DUCTIVITY C£liDUCTIVITY C~DUCTIVITY TOC TOC TOC Toe(Ullhosl CJD) (ulihosiCII) (UlihosiCII) ( UIIhosl 01) (1lg/1) (llg/l ) (1lg/1) (1lg/1)----------------------------------------------------------------------------------------------------------------------------7.2 25,000 23,000 25,000 25,000 25 30 30 307.2 23,000 25,000 23,000 23,000 30 30 30 407.2 23,000 22,000 24,000 23,000 25 30 30 357.1 24,000 24,000 25,000 22,000 25 30 25 35
7.4 22,000 21,000 .18,000 19,000 20 20 {2O 307.4 21,000 21,000 19,000 20,000 20 20 {2O 257.4 22,000 21,000 20,000 19,000 20 20 {2O 257.3 21,000 20,000 18,000 20,000 20 20 {20 25
'.5 22,000 22,000 20,000 22,000 30 20 20 23'.4 21,000 22,000 21,000 22,000 3D 23 20 25'.4 20,000 21,000 20,000 21,000 23 23 20 23.4 23,000 23,000 22,000 22,000 25 20 20 23
.5 44,000 44,000 34,000 50,000 50 60 35 55.6 43,000 44,000 35,000 52,000 50 60 33 55.4 44,000 44,000 35,000 52,000 40 55 35 50.4 44,000 44,000 35,000 52,000 40 53 33 50.3 47,000 42,000 35,000 40,000 1 {1 {I 9.3 48,000 44,000 34,000 41,000 {1 {1 {1 11.3 48,000 44,000 33,000 41,000 {I {1 {J 11,3 48,000 45,000 33,000 41,000 1 {l {I 10,3 44,000 40,000 33,000 40,000. (2O (20 (2O {2O2 42,000 40,000 33,000 40,000 {2O {2O {2O {204 42,000 ·40,000 33,000 40,000 {2O {20 {2O {203 45,000 42,000 35,000 40,000 {2O (20 {2O {2O
1 27,000 21,000 49,000 26,000 {2O (20 {2O {2O1 25,000 21,000 49,000 26,000 {2O {2O {2O (201 25,000 29,00.0 45,000 26,000 (20 {2O {20 (2O1 27,000 ~8,000 45,000 26,000 (2O {2O {2O (2O

not tested not tested 30,000 not tested not tested not tested . not tested not tested18,000
30,000
15,000
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TABLE 4. I¥lTERGIl!!LlTYDATA FOR ~DFARt1 III - I1~ITORING WELLS SSF

FACILITY
LOCATI~
EPA RCRA 1.0. I

: HESS OIL VIRGIN ISLANDS CORP. (HOVIC)
: ST. CROIX, U.S. VIRGIN ISLANDS
: VID 980536080

. ..; RCRA FACILITY : LANDFARN III

DATE LABORATORY
(3)

SSF-1
pH

(s.u.)

(4)
SSF-2
pH

(s.u.)

(5)
SSF-3
pH

(s.u.)
06-11ar-84 HOVIC, AWARE

-------------------------------------------------------------------------------------

12-Apr-84 HOVIC, OTHERS

03-Jun-84 HOVIC, ~RE

20-Aug-84 HOVIC, ~RE,
IT Atf\LYTlCAL

28-Nou-84 HOVIC, AHC,
~RE

20-l1ar-85 HOVIC, AHC,
AWARE

01-Jul-85 HOVIC, AHC
~RE

7.09 7.32 7.25
7.14 7.34 7.34
7.13 7.36 7.37
7.14 7.35 7.53
7.76 7.76 not tested not
7.75 7.75
7.83 7.83
7.83 7.83
7.35 7.48 7.35
7.35 7.50 7.40
7.35 7.50 7.60
7.40 7.52 7.50
6.99 7.25 7.15
6.99 7.25 7.16
6.96 7.20 7.16
6.97 7.20 7.16
7.41 7.67 7.54
7.43 7.49 7.58
7.44 7.50 7.59
7.45 7.48 7.48
6.83 7.02 6.97
6.76 7.00 7.03
7.00 7.00 7.03
6.90 7.00 7.03
7.19 7.26 7.38
7.21 7.32 7.33
6.92 7.10 7.31
6.99 7.12 7.33



(7) (8) (9) (10) (11) (t2) (13) (t4)SSF-t SSF-2 SSF-3 SSF-4 SSF-l SSF-2 SSF-3 SSF-4C~DUCTIVITY C~DUCTIVITY C~DUCTIVITY C~DUCTIVITY Toe Toe Toe Toe(U/lhos/C/I) (Ullhos/ 01) (Ullhos/clI) .(Wlh051ell) (1lg/1) (1lg/1) (1lg/1) (1lg/1)-----------------------------------------------------------------------------------------------------------------------------7.30 45,000 40,000 41,000 48,000 {2O {2O {20 {2O7.38 44,000 41,000 . 40,000 47,000 {20 {20 {2O {2O7.47 44,000 40,000 41,000 48,000 {20 {20 {2O {207.56 45,000 41,000 4t,000 47,000 {2O {2O {2O {20
!d 44,000 40,000 38,000 42,000 not tested not tested not tested not tested45,000 41,000 38,000 43,000

44,000 41,000 38,000 42,000
43,000 40,000 39,000 43,000

'.40 51,000 45,000 40,000 45,000 30 (20 . {2O {2O'.45 51,000 43,000 39,000 46,000 30 {2O {2O {2O,.40 50,000 44,000 38,000 44,000 28 {2O {2O {2O'.40 50,000 43,000 39,000 44,000 25 {20 {2O (2O
,.00 50,000 42,000 43,000 29,000 {2O {2O {2O {2O,.01 48,000 42,000 41,000 32,000 {2O {2O {2O {2O1.89 50,000 46,000 41,000 30,000 {20 {2O {2O {2Oi.90 52,000 45,000 40,000 32,000 {2O {2O {2O {2O
'.58 45,000 42,000 34,000 38,000 {1O {to {1O {1O'.44 45,000 42,000 33,000 38,000 <to {to <to {to'.45 45,000 42,000 33,000 38,000 {10 {to {to {10'.42 44,000 42,000 33,000 37,000 (10 <to {to {to
:.93 47,000 41,000 36,000 46,000 <10 . (10 UO {1O.87 43,000 43,000 36,000 42,000 <10 UO {10 {1O,.87 45,000 43,000 37,000 44,000 {to {to {to {to.87 45,000 43,000 37,000 44,000 {1O <10 {to {1O
.25 46,000 42,000 35,000 44,000 (to <to {1O (to.00 46,000 42,000 37,000 42,000 {10 {10 <10 {10.12 45,000 42,OOQ 35,000 43,000 {10 {10 <10 {10.14 45,000 42,000 35,000 43,000 {to {10 {to {10
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TABLE 4. WlTER Q~LITY DATA FOR l.#4DFARN III - H~lTORIN6 WELLS SSF

FACILITY : HESS OIL VIRGIN ISl.#4DSCORP. (HOVIC)
lOCATI~ : ST. CROIX, U.S. VIRGIN ISlANDS
EPA RCRA I.D. I :VID 980536080

.. ,~

RCRA FACILITY : l.#4DFARttIII

-------------------------------------------------------------------------------------
DATE

<1S)
SSF-l
TOX

(lig/l CI)
LABORATORY

12-Apr-82 HOVIC, ~RE 0.45
0.53
0.58
0.65

17-:Hay-82 HOVIC, ~RE

02-Aug-82 HOVIC, ~RE

08-Noy-82 HOVIC, ~RE

12-Apr-83 HOVIC, AHC, ETC 0.813
0.852
0.829
0.874

02-Jun-83 HOVIC, ~RE 0.46
0.73
0.73
0.65

27-Sep-83 HOVIC, ~RE 0.24
0.28
0.31
0.27

30-NoY-83 HOVIC, ~RE, not tested
ETC

(16)
SSF-2
TOX

(lig/l CI)

(17)
SSF-3
TOX

(llg/l CI)

(18)
SSF-I
TOX

(lig/l (

0.80
0.36
0.32
0.44

0.27 0.41
0.30 0.50
0.48 0.74
0.25 0.37
0.22 0.23
0.44 " 0.22
0.22 0.67
0.40 0.51
0.72 0.70
0.68 0.71
0.53 0.63
0.60 0.82
0.57 0.46
0.41 0.49
0.46 0.49
0.40 0.56

3.425 1.806
3.636 1.6513.403 1.560
3.257 1.480
0.65 0.78
0.72 0.64
0.57 0.74
0.59 0.70
0.27 0.38
0.24 0.16
0.28 0.27
0.36 0.15

not tested not tested not tesi

1.30
1.16
1.41
1.20

0.65
0.63
0.63
0.90



=
(19) (20) (21) (22) (23) (24) (25) (26)
SSF-l SSF-2 SSF-3 SSF-4 SSF-1 SSF-2 SSF-3 SSF-4
Pb Pb Pb Pb Cr Cr Cr Cr

(1Ig11) (1Ig11) (lDgll) (1Ig11) (1Ig11) (/lgll) (/lgll) (1Ig11)------------------------------------------------------------------------------------------------------------------------{0.04 {0.04 {0.04 {0.04 {0.05 {0.05 {0.05 {O.OS

{0.05 . {0.05 {0.05 {O.OS {0.05 {0.05 {0.05 {0.05

{0.05 {0.05 {0.05 {0.05 {0.05 {0.05 {0.05 {0.05

{0.05 {0.05 {0.05 {0.05 {0.05 {0.05 {0.05 {0.05

{10 <10 {10 {10 <15 {15 <15 {IS

{0.02 {0.02 {0.02 {0.02 {O.OS {0.05 {0.05 {0.05

{0.02 {0.02 {0.02 {0.02 {0.05 {O.OS . {0.05 . {O.OS

{0.02 {0.02 {0.02 {0.02 {0.05 {0.05 {0.05 {O.OS
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TABLE 4. WATER Q~LITY DATA FOR IJWDFA~ III - HIJUTORING WELLS SSF

FACILITY : HESS OIL VIRGIN ISIJWDS CORP. (HOVIC)
LOCATION : ST. CROIX, U.S. VIRGIN ISIJWDS
EPA RCRA I.D. I : VID 980536080
RCRA FACILITY : IJWOFA~ III

(0 (15)
SSF-l
TOX

(lig/l CI)

(16)
SSF-2
TOX

(mg/I CJ)

(17)
SSF-3
TOX

(lig/l CI)

(18)
SSF-,
TOX

(lig/l I

DATE LABORATORY
!,',

.. , -------------------------------------------------------------------------------------06-Mar-84 HOVIC, ~RE 0.19 0.24 0.150.19 0.29 0.170.17 0.27 0.190.17 0.28 0.18
12-Apr-84 HOVIC, OTHERS. not tested not teshd not teshd not hsl

03-Jun-84 HOVIC, ~RE 0.23 0.37 0.390.16 0.39 0.360.20 0.33 0.480.17 0.39 0.46
{20 {20 {20 {20{20 {20 {20 {20{20 {20 {20 {20{20 {20 {20 {20

0.38 0.24 0.17
0.32 0.15 0.300.23 0.19 0.21
0.24 0.17 0.22
0.07 0.06 0.180.06 0.1 0.070.08 0.07 0.15
0.08 0.09 0.07
0.20 0.20 0.130.22 0.17 0.140.26 0.22 0.120.20 0.20 0.10

20-Aug-84 HOVIC, ~RE,
IT ~LYTICAL

28-No~-84 HOVIC, AHC,
~RE

20-Mar-85 HOVIC, AHC,
~RE

01-Jul-85 HOVIC, AHC
~RE



(19) (20) (21) (22) (23) (24) (25) (26)55F-1 55F-2 55F-3 55F-4 55F-l 55F-2 55F-3 55F-4Pb Pb Pb Pb Cr Cr Cr Cr(lIglJ) (lIglJ) (lIglJ) (lIglJ) (IIg1J) (mglJ) (lIglJ) (lIglJ)-----------------------------------------------------------------------------------------------------------------------{0.02 {0.02 {0.02 {0.02 {O.OOS 0.016 0.022 {O.OOS

suspect data suspect data suspect data suspect data suspect data suspect data suspect data suspect data

0.03 {0.02 {0.02 {0.02 {0.005 {O.OOS {O.OOS {O.OOS

0.01 0.02 0.02 0.02 {o.OOS {O.OOS {O.OOS {O.OOS

{0.010 {0.010 {O.Oto {O.OtO {O.Oto {O.OtO {O.Oto {0.010

{O.Oto {O.OtO {O.Oto {0.010 {O.OtO {O.OtO {O.Oto {O.Oto

{O.OtO {0.010 {O.Oto {O.OtO {O.Oto {O.OtO {O.OtO . {O.OtO



ATTACHMENT 3
STATISTICAL CALCULATIONS



Where:

n

tc

LEGEND
MODIFIED STUDENTS I T TEST

t* =

= ln concentration (value)in downgradient well
for most recent sampling period

= ln mean of at least the last eight data points
from one or more background wells

= variance

= number of upgradient data points used
8 ~ n < 16

= ztbg Sbg In

S2
bg/n

= t bg

(From Standard T-Tables 0.05 level of significance for n-l
degrees of freedom)

t* c tbg

t* >t bg

There has not been a significant change in this
parameter
Most likely there has been a significant increase
(or pH decrease) in this parameter



MANN-WHITNEY U TEST

(See Attachment 1 for Procedure)
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TABLE 1. MODIFIED STUDENTS' t TEST FOR pH AT LANDFARMS II AND III

lANDFARM MCNITORIN6
WEll It

=MCNITORING
WELL II

lOCATICN
~PLING

DATE

II-----------------------------------------------------------------------------
pH

(s.u.)
NSF-1
NSF-1
NSF-l
NSF-1
NSF-t
NSF-l
NSF-l
NSF-1

NSF-2
NSF-3
NSF-4

III SSF-t
SSF-1
SSF-l
SSF-1
SSF-l
SSF-1
SSF-l
SSF-1 .

SSF-2
SSF-3
SSF-4

upgradient
upgradi ent
upgradient
upgradient
upgradient
upgradient
upgradient
upgradient

dOIoIngradient
dOlolngrad ien t
dOIoIngradient

upgradient
upgradient
upgradi ent
upgradient
upgradient
upgradient
upgradient
upgradi ent

dOIoIngradient
dOlolngrad ien t
dOIoIngradient

30-Nov-83
06-Mar-84
12-Apr-84
03-Jun-84
20-Aug-84
28-Nov-84
20-Mar-85
01-Jul-85

01-Jul-85
01-Jul-85
Ot-Jul-85

02-Jun-83
27-Sep-83
06-Mar-84
03-Jun-84
20-Aug-84
28-Nov-84
20-Mar-85
01-Jul-85

01-Jul-85
Ot-Jul-85
01-Jul-85

7.2850
7.2875
7.5750
7.4050
7.4525
7.5325
7.2025
7.5025

7.0300
7.3375
7.3700

7.3750
7.1500
7.1250
7.3625
6.9775
7.4325
6.8725
7.0775

7.2000
7.3375
7.1275

NOTE: A - THERE ~S NOT BEEN A SI~IFlCA'IT C~GE IN THIS PAIWiETER
8 - MOST LIKELY THERE ~S BEEN A SI~IFlCA'IT INCREASE (OR pH DECREASE)
pH IS A LOG F(t4CTI£ll



.)
x-bg 2

s-bg x-dg tc ST#lDING

----------------------------------------------------------------------------------------------------------------7.2850
7.2875
7.5750
7.4050
7.4525
7.5325
7.2025
7.5025

7.4053 0.0180 0.0475
7.0300
7.3375
7.3700

7.0300
7.3375
7.3700

-7.9082
-1.4289
-0.7441

2.3650
2.3650
2.3650

8
A
A

7.3750
7.1500
7.1250
7.3625
6.9775
7.4325
6.8725
7.0775

7.1716 0.0406 0.0713
1.2000
7.3375
7.1275

7.2000
7.3375
7.1275

0.3990
2.3280

-0.6182
2.3650
2.3650
2.3650

A
A
A

rS PARA'1ETER
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TABLE 2. I'WtI-WHITNEY U TEST FOR pH AT lA'lDFARHS II IWD III

lA'lDFARH l1(}llTORING
WELL H

l1(}llTORING
WELL #

lOCATl(}l
St'V1PLING

DATE

II----------------------------------------------------------------------------_.
PH

(s.u.)
NSF-2
NSF-J
NSF:-J
NSF-J
NSF-3
NSF-4
NSF-J
NSF-J
NSF-J
NSF-J
NSF-J

III SSF-l
SSF-l
SSF-l
SSF-J
SSF-4
SSF-l
SSF-2
SSF-3
SSF-J
SSF-J
SSF-J

dlXllngradient
upgradient
upgradient
upgradient

dlXllngradient
downgradient
upgradient
upgradient
upgradient
upgradient
upgradient

upgradi ent
upgradient
upgradient
upgradient

dlXllngradient
upgradient

dlXllngradient
dlXllngrad ien t
upgradient
upgradient
upgradient

01-Ju J-B5
20-Har-B5
30-NoIJ-B3
06-Har-B4
OJ-JuJ-B5
01-JuJ-B5
03-Jun-B4
20-Aug-B4
01-JuJ-B5
2B-NoIJ-B4
J2-Apr-B4

20-Har-B5
20-Aug-B4
OJ-JuJ-B5
06-Har-B4
01-JuJ-B5
27-Sep-B3
01-JuJ-B5
OJ-JuJ-B5
03-Jun-B4
02-Jun-B3
2B-NoIJ-B4

7.0300
7.2025
7.2850
7.2875
7.3375
7.3700
7.4050
7.4525
7.5025
7.5325
7.5750

6.8725
6.9775
7.0775
7.1250
7.J275
7.1500
7.2000
7.3375
7.3625
7.3750
7.4325

NOTE: A - THERE WlS NOT BEEN A SI~IFICANT CAANGE IN THIS PARftfETER

pH IS A LOG FINCTION
B - HOST LIKELY THERE WlS BEEN A SI~IFICANT INCREASE (OR pH DECREASE)

P - PROBABILITY FR(tITABLE 7, n2 = B IN ATIACftlENT 1
CONFIDENCE INTERVAL DOES NOT HEET POWER FOR 0.01 SIGNIFICANCE LEVELFOR pH -- MINIMUH P = 0.012



U-1 U-2
(pH only)

P-1 P-2
(pH only)

ST~DIN6
CIJ-4FIDENCE
INTERVAL

-------------------------------------------------------------------------------------------------'.0300
'.2025 1 2
'.2850 1 2
1.2875 1 . 2
'.3375
'.3700
'.4050 3 0
'.4525 3 0
'.5025 3 0
'.5325 3 0
'.5750 3 0------------------------------

18 >.539 A 0.056 0.278 A 0.05

1.8725 0 3
1.9775 0 3
'.0775 0 3
'.1250 0 3
'.1275
'.1500 2
'.2000
1.3375
'.3625 3 0
? .3750 3 0
'.4325 3 0------------------------------

10 0.774 A 0.0514 >.539 A 0.05

[S PARAMETER



TABLE 3. MODIFIED STUDENTS I t TEST FOR CONDUCTIVITY AT LANDFARNS II AND III

LANDFARN MONITORING
WELL #

MONITORING
WELL I

LOCATIIJi
SttfPLING

DATE CIJiOUCTIVITY C
(WlhoS/ m)-----------------------------------------------------------------------------

.. .; .

II NSF-l upgradi ent 27-Sep-83 19,250NSF-l upgradient 06-Har-84 30,000NSF-l upgradi ent 12-Apr-84 29,500NSF-l upgradient 03-Jun-84 29,750NSF-l upgradient 20-Aug-84 25,750NSF-l upgradient 28-NolJ-84 21,750NSF-l upgradient 20-Har-85 21,500NSF-l upgradient 01-Jul-85 23,250

NSF-2 dlMngradient 01-Jul-85 43,250NSF-3 dlMngradient 01-Jul-85 42,500.. NSF-4 dlMngradi ent 01-Jul-85 49,250

. .~ -
..' ."\ ::~·-,:7·~:-:~.]::~...:::::~·~:.~·;:·-·;·:..~·-,~:~·:~:' - p' -. : ~ .'';' ':. ·L:.~

: ','

., ,-, .....
;

.'- .•. I
" ....•... .:.'.;

• '!_ -, : -. . .. ;..•.• ". • -:'" :".'J

III SSF-l upgradient 27-Sep-83 26,000SSF-l upgradient 06-Har-84 44,500SSF-l upgradient 12-Apr-84 44,000SSF-l upgradient 03-Jun-84 50,500SSF-l upgradient 20-Aug-84 50,000SSF-l upgradient 28-NolJ-84 44,750SSF-l upgradient 20-Har-85 45,000SSF-l upgradient 01-Jul-85 45,500

SSF-2 dOlfngradient 01-Jul-85 42,000SSF-3 dlMngradient 01-Jul-85 35,500SSF-4 dlMngradient 01-Jul-85 43,000

., j:~l~f~~),i'z:)i,~,\~i,\'i,;:,;~:~;;'::i',;;,,,t~f::;'
.. " . '. ,,' ..: ...

, .

NOTE: A - THERE !¥ISNOT BEEN A SI~IFICANT CWiNGE IN THIS PARAMETER
...... '"

8 - MOST LIKELY THERE HAS BEEN A SI~IFICANT INCREASE (OR pH DECREASE)



IVHY x-bg
2

s-bg x-dg tc STA'lDING

'----------------------------------------------------------------------------------------------------------------9.8653
0.3090
0.2921
0.3006
0.1562
9.9874
9.9758
0.0541

10.1175 0.0295 0.0608
0.6748
0.6573
0.8047

10.6748
10.6573
10.8047

9.1686
8.8808

11.3063
1.8950
1.8950
1.8950

8
8
8

0.1659
0.7032
0.6919
0.8297
0.8198
0.7088
0.7144
0.7255

10.6699 0.0443 0.0744
0.6454
0.4773
0.6690

10.6454
10.4773
10.6690

-0.3290
-2.5878
-0.0128

1.8950
1.8950
1.8950

A
A
A

II S PARFliETER



TABLE 4. IWtHmITNEY U TEST FOR C~DUCTIVITY AT LANDFARt1S II ~D III

. . ".:. '.~ ... " .'... .;.

LANDFARt1 HIJHTORING HIl-lITORING SA'1PLING
WELL II WELL II DATE CIl-lDUCTIVITY

LOCATIIl-l (Ullhosl C/I)---------------------------------------------------------------------------_.

II NSF-l upgradient 27-Sep-84 19,250
NSF-1 upgradient 20-Mar-85 21,500NSF-:t upgradient 28-NolJ-84 21,750NSF-l upgradient 01-Ju)-85 23,250
NSF-l upgradient 20-Aug-84 25,750NSF-l . upgradient 12-Apr-84 29,500NSF-l upgradient 03-Jun-84 29,750NSF-l upgradient 06-Mar-84 30,000NSF-3 downgradient 01-Ju)-85 42,500

. , NSF-2 downgradient 01-Jul-85 43,250NSF-4 downgradient 01-Ju)-85 49,250

. ......:- :..:; :~"',.'..:.. :'....::~~.-: .....-..

.-: - .',.... .,.... -:.~--. ". -', ":'.' . " .: .; .
-."; ,.:.. "' III SSF-l upgradient 27-Sep-84 26,000SSF-3 downgradient 01-Jul-85 35,500SSF-2 downgradient 01-Ju)-85 42,000SSF-4 downgradient 01-Jul-85 43,000SSF-l upgradi ent 12-Apr-84 44,000SSF-l upgradient 06-Mar-84 44,500SSF-l upgradient 28-NolJ-84 44,750SSF-l upgradient 20-Mar-85 45,000SSF-l upgradient 01-Jul-85 45,500SSF-l upgradient 20-Aug-84 50,000SSF-l upgradi ent 03-Jun-84 50,500

. .
•..••...••. r.: •...••.• ",;:._, _•.. -;...• _..•• :\.;.: .•..• ~~:::.'.:, .:- ..... ~'_.~:' .:...•. c ,

NOTE: A - THERE WiS NOT BEEN A SIG4IFICANT CIW'-lGEIN THIS PARA"lETER

B - HOST LIKELY THERE WiS BEEN A SIGNIFICANT INCREASE) IN THIS PARA"I[:
SEE ATTACHMENT 1, TABLE J FOR N2 FOR PROBABILITIES (P-l OR P-2) VERSU!



~
TlVITY U-l U-2

(pH only)
P-l P-2

(pH only)
ST~DING

C~FIDENCE
INTERvAL

--------------------------------------------------------------------------------------------------

9.8653 0
9.9758 0
9.9874 0

10.0541 0
10.1562 0
10.2921 0
10.3006 0
10.3090 0
10.6573
10.6748
10.8047

---------------
0 0.006 B 0.05

B 0.01

10.1659 0
10.4773
10.6454
10.6690
10.6919 3
10.7032 3
10.7088 3
10.7144 3
10.7255 3
10.8198 3
10.8297 3---------------

12 0.539 A 0.05
A 0.01



TABLE 5. MODIFIED STUDENTS' t TEST FOR TOC AT LANDFARNS II AND III

LANDFARN Met-HTORINS
WELL It

MI:t4ITDRINS
WELL It

LOCATION
SAMPLING

DATE TOC
(llg/l )------------------------------------------------------------------------------

. ':. ..'

II NSF-l upgradient 02-Jun-B3 20.0000NSF-l upgradi ent 27-Sep-83 20.0000NSF-l upgradient 06-Mar-84 20.0000NSF-l upgradient 03-Jun-84 20.0000
NSF-1 upgradient 20~ug-84 20.0000NSF-l upgradient 2B-NolJ-84 10.0000NSF-1 upgradi ent 20-Mar-B5 26.5000NSF-1 upgradi ent 01-Jul-85 11.2500

NSF-2 downgradient 01-Jul-B5 51.5000
NSF-3 downgradient 01-Jul-85 14.5000- . .
NSF-4 downgradi ent 01-Jul-B5 10.0000-, "

. .:. .
.....

'. . .

......
~ " ': .# • : :'~"" •

'::;. .;

III SSF-l upgradi ent 02-Jun-B3 20.0000SSF-l upgradient 27-Sl!p-B3 20.0000SSF-l upgradil!nt 06-Mar-B4 20.0000SSF-l upgradi ent 03-Jun-B4 28.2500 .
SSF-l upgradil!nt 20-Aug-84 20.0000SSF-l upgradient 28-NolJ-84 10.0000SSF-l upgradil!nt 20-Mar-85 10.0000SSF-l upgradient 01-Jul-85 10.0000

SSF-2 downgradi ent 01-Jul-85 10.0000SSF-3 downgradi ent 01-Jul-B5 10.0000SSF-4 downgradient 01-Jul-85 10.0000

NOTE: A - THERE ~S NOT BEEN A SI~IFICANT C~GE IN THIS PARAMETER

B - MOST LIKELY THERE HAS BEEN A SI~IFlCANT INCREASE (OR pH DECREASE)

i
.I



2
x-dg tc STANDINGx-bg s-bg

----------------------------------------------------------------------------------------------------------------
!.9957
1.9957
!.9957
1.9957
!.9957
1.3026
1.2771
1.4204

2.8723 0.1098 0.1172

1.9416
1.6741
!.3026

3.9416
2.6741
2.3026 .

9.1250
-1.6914
-4.8624

1.8950
1.8950
1.8950

B
A
A

1.9957
!.9957
1.9957
1.3411
!.9957
!.3026
!.3026
!.3026

2.7790 0.1693 0.1455

!.3026·
!.3026
!.3026

2.3026
2.3026
2.3026

-3.2752
-3.2752
-3.2752

1.8950
1.8950
1.8950

A
A
A

S PARfliETER
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TABLE 6. ~~HITNEY U TEST FOR Toe AT LANDFARMS II #40 III

LANDFARM H~ITORING
WELL II

H~ITORING
WELL II

LOrATI~
SAMPLING

MTE

II-----------------------------------------------------------------------------
Toe

(1lg/1)

NSF-4
NSF-l
NSF-l
NSF-3
NSF-l
NSF'"l
NSF-l
NSF-l
NSF-1
NSF-l
NSF-2

.1

III SSF-l
SSF-3
SSF-2
SSF-t
SSF-4
SSF-l
SSF-l
SSF-l
SSF-l
SSF-l
SSF-1

d!Mngradi ent
upgradient
upgradient

d!Mngradient
upgradient
upgradient
upgradient
upgradient
upgradient
upgradient

d!Mngradient

upgradi ent
d!Mngradient
d!Mngradient
upgradi ent

d!Mngradient
upgradient
upgradi ent
upgradient
upgradient
upgradient
upgradient

01-Jul-B5
2B-Nou-B4
01-Jul-B5
01-Jul-B5
02-Jun-83
06-Har-84
03-Jun-84
20-Aug-84
27-Sep-83
20-Har-85
01-Jul-85

20-Har-85
01-Jul-85
01-Jul-85
28-Noll-84
01-Jul-85
Ot-Jul-85
06-Har-84
27-Sep-83
20-Aug-84
02-Jun-83
03-Jun-84

10.0000
10.0000
11.2500
14.5000
20.0000
20.0000
20.0000
20.0000
20.0000
26.5000
51.5000

10.0000
10.0000
10.0000
10.0000
10.0000
to.OOOO
20.0000
20.0000
20.0000
20.0000
28.2500

NOTE: A - THERE ~S NOT BEEN A SIGNIFICANT CfW-lGE IN THIS PARAMETER
B - HOST LIKELY THERE ~S BEEN A SIGNIFICANT INCREASE (OR pH DECREASE)
P - PROBABILITY FRaN TABLE 7, n2 = 8 IN ATTACHMENT 1



I
)C U-l U-2

(pH only)
P-l P-2

(pH only)
STI1"·mIN6

C(}4FIDENCE
INTERVAL

--------------------------------------------------------------------------------------------------2.3026
2.3026
2.4204
2.6741
2.9957 2
2.9957 2
2.9957 2
2.9957 2
2.9957 2
3.2771 2
3.9416

---------------
14 >.539 A 0.05

A 0.01

2.3026 0
2.3026
2.3026
2.3026 2
2.3026
2.3026 3
2.9957 3
2.9957 3
2.9957 3
2.9957 3
3.34tt 3---------------

20 >.539 A 0.05
A 0.01

115 PAIW1ETER



TABLE 7. MODIFIED STUDENTS' t TEST FOR TOX AT lA'iDFAIf1S II ~D II I

lA'iDFAIf1 M~ITORING M~ITORING StttPLING
WELL I WELL I DATE TOX

LOCATI~ (IIg1J)-----------------------------------------------------------------------------
II NSF-l upgradient 02-Jun-B3 0.3500NSF-l upgradil!nt 27-Sep-83 0.2675NSF-l upgradient 06-Mar-B4 0.1900NSF-1 upgradient 03-Jun-84 0.4350NSF-l upgradient 20-Aug-B4 0.4350NSF-l upgradi ent . 2B-Nou-84 0.3050NSF-l upgradient 20-Mar-B5 0.0500NSF-l upgradient 01-JuJ-B5 0.0775

NSF-2 dD\llngradient 01-JuJ-B5 0.3150NSF-3 dD\llngradient 01-JuJ-85 0.2B50- ... '. ..
NSF-4 dD\llngrad ien t 01-J.uJ-B5 0.3300

....... :', ,', " .:. .:

....
:- .> s ....•. r. .~. ' ..

III SSF-l upgradient 27-Sep-B3 0.6425SSF-l upgradient 06-Mar-B4 0.2750SSF-1 upgradient 12-Apr-B4 0.1800SSF-l upgradient 03-Jun-84 0.1900SSF-l upgradi ent 20-Aug-84 0.2000SSF-l upgradient 28-Nou-84 0.2925SSF-l upgradient 20-Mar-85 0.0725SSF-l upgradient 01-JuJ-85 0.2200

SSF-2 dO\llngrad ien t 01-JuJ-85 0.1975SSF-3 dD\llngradient 01-JuJ-85 0.1225SSF-4 dD\llngradient 01-JuJ-85 0.2050

~-'~ "07'.-' ~.~~',,,_.:: , .- • :',' .•..:.".' , •- .. . . - ~. .' .'.. " .

. : •.:- .•....:•..,>.'...:, ...<;;.~••: .......•.".:•.•..,.,.;.,.:";.'.'" .: :: . " .. -. . :. " .•••.. - .>. .:-,.. ,...... .. ~. ". ~.' " ..:~..' :" . . , ., :".' .... " ,.

... ,' .....

NOTE: A - THERE AAS NOT BEEN A SI~IFICIWT C~GE IN THIS PARAMETER

B - MOST LIKELY THERE AAS BEEN A SI~IFICIWT INCREASE (OR pH DECREASE)



x-bg
2

s-bg . x-dg tc ST~OING

-----------------------------------------------------------------------------------------------------------------
-1.0498
-1.3186
-1.6607
-0.8324
-0.8324
-1.1874
-2.9957
-2.5575

-1.5543 0.6546 0.2861

-1.1552
-1.2553
-1.1087

-1.1552
-1.2553
-1.1087

1.3954
1.0455
1.5580

1.8950
1.8950
1.8950

A
A
A

-0.4424
-1.2910
-1.7148
-1.6607
-1.6094
-1.2293
-2.6242
·1.5141

-1.5107 0.3689 0.2147

·1.6220
-2.0996
·1.5847

-1.6220
-2.0996
-1.5847

-0.5182
-2.7423
-0.3446

1.8950
1.8950
1.8950

A
A
A

II S PAIWIETER



TABLE 8. IWtH.JHITNEY U TEST FOR TOX AT lJtlDFARNS II #lD III

lJtlDFARN HI}HTORING
WELL II

HlJiITORIN6
WELL It

LOCATIIJi
~PLIN6

DATE TOX
(ligll)----------------------------------------------------------------------------

.. ' .

II NSF-l upgradient 20-Har-85 0.0500
NSF-l upgradient 01-Jul-85 0.0775
NSF-1 upgradient 06-Har-84 0.1900
NSF-1 upgradient 27-Sep-83 0.2675
NSF-3 dllllngradient 01-Jul-85 0.2850
NSF-l upgradient 28-Nov-B4 0.3050
NSF-2 dllllngradient 01-Jul-B5 0.3150
NSF-4 dllllngradient 01-Jul-85 0.3300
NSF-l upgradi ent 02-Jun-B3 0.3500NSF-l upgradient 20-Aug-84 0.4350
NSF-l upgradi ent 03-Jun-B4 0.4350..

-,..' . '. ~.. ' , .. ;
". . ..

. ,

" -,

v-, ~".;;. ~.~.. ;~·}t· ::~ .:»,» ~:' ,,;=":' . ,,-: .

III SSF-l upgradient 20-Mar-85 0.0725SSF-3 dllllngradient 01-Jul-85 0.1225SSF-l upgradient 06-Har-84 0.1800SSF-l upgradient 03-Jun-84 0.1900SSF-2 dllllngradient 01-Jul-85 0.1975SSF-l upgradient 20-Aug-84 0.2000SSF-4 dllllngradient 01-Jul-85 0.2050
SSF-l upgradient 01-Jul-85 0.2200SSF-l upgradient 27-Sep-83 0.2750SSF-l upgradient 28-Nov-84 0.2925SSF-1 upgradient 02-Jun-83 0.6425

- ..:::>::.::.<;~:.:·:.>:~:.;·';:,:::S':::'::.:~::::,~.'::.~~:;:.'" ,:.;,,:-'::,.':-',: :. -, -.
~.. . .

'. .

::~",:,:!-j~;;t~i~',~:~i;.~·;«\,:·f.~·-),~;c::,»<~: ':':::'~'.:':':~.;...;,::'>.';:.0", ....~
" -

.... .-,' ,,'-",

.' :.':'

NOTE: A - THERE ~S NOT BEEN A SIGUFICIWT CI-W-46EIN THIS PARAMETER

B - HOST LIKELY THERE ~S BEEN A SIGNIFICIWT INCREASE (OR pH DECREASE
P - PROBABILITY FROH TABLE 7, n2 = 8 IN ATTACHMENT 1



,
ox U-l U-2

(pH only)
P-l P-2

. (pH only)
ST~DING

CIJ4FIDENCE
INTERVAL

--------------------------------------------------------------------------------------------------
-2.9957 0
-2.5575 0
-1.6607 0
-1.3186 0
-1.2553
-1.1874
-1.1552
-1.1087
-1.0498 3
-0.8324 3
-0.8324 3---------------

10 0.387 A 0.05
A 0.01

2.6242 0
'2.0996
1.7148 1
'1.6607 1
1.6220
L6094 2
1.5847
LSHI 3
1.2910 3
1.2293 3
0.4424 3--------------

16 }0.539 A 0.05
A 0.01

IS PAIWIETER



ATTACHMENT 4
GROUNDWATER QUALITY DATA

IN-SITU VERSUS LABORATORY



.. ',- .

',- ':

'.~ .::,~'''''' . '~'.:',". ':'. .' .~ ',.:
-. -. '. '.

••.••......' .' .~.,

TABLE 2. 6ROLtlWATER Ql¥lLITY PAIW'tETERS MEASURED AT ~DFARN III DURING SKlttiER LIST

DATE TIME WELL
#

DEPTH
ELEV (ft b~l~

(ft NGVD) GW surf)
29-0ct-B5-------------------------------------------------------------------------------------~

SSFI

3D-Oct-85
3D-Oct-a5

29-0ct-BS

3D-Oct-as
30-0ct-8S

29-0ct-as

30-0ct-BS
30-0ct-B5

29-0ct-BS

30-0ct-85
30-0ct-8S

1623
1903

1030

1415
1903

1100

1449
1903

1145

1518
1903

1230 14.21 1.0 2a.B
3.0 28.6
6.0 2a.5
9.0 28.4

12.0 28.3
1.0 28.6

22.0
22.0
22.0
22.0

11.09 2.5 28.7
5.S not r~ad
1.0 28.6

22.0
22.0
22.0
22.0

2.07 1.0 28.1
1.S 28.1
3.0 28.1
S.O 28.1
1.0 28.2

22.5
22.S
22.5
22.5

1.0 2B.5
3.0 2B.4
6.0 28.3
1.0 28.S

22.5
22.5
22.5
22.5

SSFI
SSFI

SSF2

SSF2
SSF2

SSF3

SSF3
SSF3

SSF4

SSF4
SSF4

NOTE: BOTH SULFIDES AND FERROUS IRON CAUSE INTERFERENCES IN DO HEASUREHENTS IN GROUN
DO MEASUREMENTS WERE MADE WITH A YSI PROBE

FIELD MEASUREMENTS MADE USING A HYDOLAB SYSTEM 8000 WATER QUALITY INSTRlJ1ENT



.ING

TU IN SITU LAB IN SITU LAB IN SITU CIJtfENTS
I pH pH C~D C~D ORP
1) (s.u.) (s.u.) ( UIIh os! 01) ( UIIhos! CII) (/Iv)'-------------------------------------------------------------------------------------2.S 6.55 )20,000 159 BEFORE PLtlPING1.5 6.S0 )20,000 501.2 6.S5 )20,000 211.0 6.85 )20,000 102.0 6.85 )20,000 4
1.2 6.00 252 AFTER PLtlPING7.30 38,000

7.05 37,500
7.15 38,000
7.05 37,000

1.9 6.30 )20,000 213 BEFORE PLtlPINGead not read not read not read

1.7 5.70 511 AFTER PI.t1PING7.20 35,000
7.00 37,500
7.05 33,500
7.00 33,500

2.3 6.50 )20,000 III BEFORE PI.t1PING1.B 6.60 )20,000 951.2 6.70 }20,000 721.4 6.70 )20,000 55
1.0 5.S0 390 AFTER PI.t1PING7.45 29,000

7.15 30,000
7.05 39,000
7.15 30,000

2.3 6.70 )20,000 -10 BEFORE PlI1PING1.4 6.75 )20,000 -231.0 6.77 }20,000 -29
1.1 6.10 222 AFTER PLtlPING7.20 3S,OOO

6.90 39,000
6.85 37,000
6.90 37,000

RS USING A PROBE
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TABLE 1. GROLN(X,IATEROl.14LITYPARFl1ETERS MEASURED AT ~DFARH II DURING SJ(I~ER LIST ~

DATE TIME WELL
I

NDEPTH
ELEV (ft bel~

(ft NGVD) 6W surf)
LAB

~TER T
. (0 C)

29-0ct-85
------------------------------------------------------------------------------------_.

30-0ct-85
3D-Oct-85

3D-Oct-85

31-0ct-85

3D-Oct-8S

.~ 31-0ct-85

3D-Oct-85

30-0ct-85
3D-Oct-B5

1630 NSFI

1722 NSFI
1903 NSFI

1125 NSF2

1041
1530

NSF2
NSF2

20.35 1.0 28.4
3.0 28.4
6.0 28.4
1.0 28.6

22.5
22.5
22.5
22.5

19.62 1.0 29.5
3.0 29.5
6.0 29.4
1.0 29.6

17.69 1.0
3.0
6.0

29.1
29.2
29.2

1100 NSF3

1.0 29.11014 NSF3
NSF3

13.49 1.0 28.1
3.0 2B.l
6.0 28.1
1.0 2B.0

22.5
22.5
22.5
22.5

1530 NSF4

1656 NSF4
1903 NSF4

NOTE: 80TH SULFIDES AND FERROUS IRON CAUSE INTERFERENCES IN DO MEASUREMENTS IN GROU
DO MEASUREMENTS WERE MADE WITH A YSI PROBE

FIELD MEASUREMENTS HADE USING A HYDOLA8 SYSTEM BOOO WATER Ql.l4L1TYINSTRLNENT



NG

TU IN SITU LAB IN SITU LAB IN SITU CIIt1ENTS, pH pH Cf.t40 Cf.t40 ORP
'1) (s.u.) (s.u.) (U/IhoslCII) (lDhosl C/I) (IIV)._------------------------------------------------------------------------------------
2.5 6.40 )20,000 522 BEFORE Plt!PINS1.0 6.10 )20,000 3360.9 6.20 )20,000 306
0.9 6.55 )20,000 170 AFTER PltIPING

7.40 21,000
7.15 20,000
7.10 20,000
7.15 20,000

1.7 6.00 )20,000 254 BEFORE PlI1PIN60.8 6.20 )20,000 2020.6 6.20 )20,000 183
1.3 6.10 410 AFTER PltIPING6.75 32,000

6.85 33,000
6.90 32,000
6.70 32,000

'!!ad 6.00 )20,000 274 BEFORE PlJ1PIN6
'!!ad , 6.20 )20,000 255'0.9 6.30 )20,000 238
1.3 6.10 372 AFTER PltIPING6.95 32,000 -. . .

7.00 33,500
7.05 32,000
6.85 33,000

LB 6.50 )20,000 -20 BEFORE PlI1PING1.2 6.60 )20,000 -270.9 6.70 )20,000 -26
1.3 6.05 140 AFTER PltIPING7.25 38,000

7.00 39,000
6.95 39,000
6.95 39,500

:RS USING A PROBE


